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ABSTRACT 
This thesis examines how Total Quality Management (TQM) may be applied to salmon 
farming. The state of the salmon farming industry and the current and future challenges 
facing the participants are reviewed. The importance of quality is then discussed together 
with a review of various definitions of quality and the presentation of a model of perceived 
quality of salmon using data from published consumer surveys. A chain metaphor is used 
to present the quality of fresh farmed salmon in the framework of a chain of customers, a 
value chain, a chain of quality and a cold chain. The history of TQM is briefly reviewed 
followed by a presentation of the theory of TQM. The theory is discussed concentrating on 
the three common goals of uniform quality around the target, continual improvement and 
respect for human values; and the core concepts of the Taguchi loss function, production as 
a network of processes and operations, waste, responsibility, total involvement, and 
respect. Some general basriers to change are reviewed prior to presenting a value analysis 
framework for mapping the chains. A low-cost or no-cost program for fasm improvement 
is included based on the management circle (plan-do-control-check-action) and upon a three 
pronged approach to implementation (i.e., create a favourable environment, develop a 
reliable method and keep everyone practiced in the method). The most relevant methods 
and techniques for farm improvement are identified. They include an employee suggestion 
system, a good housekeeping program, cause and effect diagrams, Meiden's Window, the 
SMED method, and an on-error-training program. Appendices show a summary of 
consumer research findings, a summary of quantitative methods for measuring fresh fish 
quality, a simulation showing the monetary effects of small improvements using a cycle- 
time allocation method of costs, and general advice from leadmg authorities on 
implementation of quality management programs. 
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1. Introduction. 
Scope. 
This thesis examines how Total Quality Management (TQM) may be applied to salmon farming. 
Chapter 2 reviews the state of the salmon farming industry and the challenges facing the 
participants. Chapter 3 discusses why quality is important and presents a model of perceived 
quality of salmon using data from published consumer surveys. Chapter 4 outlines the theory of 
TQM and Chapter 5 discusses barriers to change and specific TQM methods and techniques. 
Chapter 6 discusses implementation and Chapter 7 contains the conclusion. 
Background. 
In the Western hemisphere, companies in many diverse industries have become aware of important 
changes in the markets of manufactured goods over the last decade. The Japanese have led this 
development with their redefined thinking on quality and quality control. This new thinking on 
quality has initiated what some have termed a revolution in manufacturing (Shingo, 1985) and 
experiences around the world have shown that the new concepts are equally effective in business 
ventures other than manufacturing. However, the need for a change from traditional management 
practices has also been expressed at earlier times as exemplified by these thoughts at lift-off 
attributed to U.S. Astronaut, Colonel John Glenn (McRobb, 1989, p.5): 
"What am I doing here sitting on top of thousandr of components all supplied by the lowest 
bidder?" 
. 
The Japanese theories on quality and quality control have evolved into a management system which 
increasingly is referred to as Total Quality Management, or TQM for short. The growing 
. acceptance of TQM is exemplified by the report 'Total Quality Management: A Competitive 
Imperative" recently released by The Conference Board of Canada titled (Farquhar and Johnston, 
1990) in which TQM was recommended to all Canadian businesses (which would include salmon 
farming). 
Total quality management is a strategy that makes the manufacturing system a firms' main strategic 
weapon so that the firm competes in the market place outperforming their competitors in terms of 
producing better quality products at lower costs and by faster new product development. This is 
achieved by focusing on quality which is defined quite differently from what Westerners are 
accustomed to. Total quality management specifically addresses change and is a general strategy 
for continuous systematic improvement. 
The management of quality in the aquaculture industry in general and salmon farming in particular 
is not very well developed. The literature is mostly concerned with rather technical applications of 
quality control and less so with the management philosophy behind the new thinking. 
Undoubtedly, individual firms in the salmon farming industry are hard at work on their in-house 
programs, but as yet relatively little has been published about these efforts. It is therefore not 
possible to assess the extent of actual application of TQM concepts at present. 
Salmon farming is not the only form of aquaculture in Canada or indeed the world as a whole. 
Besides salmon, there are extensive applications of finfish cultures utilizing other species both in 
cold and in warm water. Crustaceans (e.g., shrimps and prawns), shellfish and seaweeds and 
other aquatic plants are also cultured. Because aquaculture has certain basic elements in common 
regardless of the species cultivated, the conclusions to be drawn from the application of TQM to 
salmon farming may, therefore, have relevance also for the cultivation of other species. 
2. Overview of the Salmon Farmina Industrv. 
The nature of aquaculture. 
Aquaculture may be defined as "the human cultivation of organisms in water (fresh, 
brackish or marine)" (Bjwdal, 1990, p.1). The degree of human intervention and control 
possible in aquaculture is the main feature distinguishing it (i.e., aquaculture) from other 
forms of aquatic production (e.g., capture fisheries) (Bjomdal, 1990, p. l). Aquaculture 
involves the manipulation of an organism's life-cycle while controlling three main 
environmental factors; the control of reproduction, control of growth and elimination of 
natural mortality agents (Beveridge, 1987, p.20). These tasks are complicated by the fact 
that, for a salmon farmer, the control of environmental factors, such as dissolved oxygen 
or water temperature, is frequently beyond his abilities. It is also relevant to assume that 
one must consider control of "unnatural" mortality agents such as self-pollution or other 
hazards stemming from the nature of the production system itself. 
The farmed salmon production cycle. 
Salmon farming generally refers to the cultivation of any of three species; Atlantic Salmon 
(also called Atlantics), Chinook and Coho. Chinook and Coho are Pacific Salmon and are 
often collectively referred to as Pacifics. Salmon farming involves a series of intesselated 
events which are quite similar across the three species. The most significant difference 
among the three is the varying times from spawning to maturity. The total life span from 
egg to maturation is two years (one fresh water, one sea water) for Coho, three years (one 
fresh water, two sea water) for Chinook and four years (two years fresh water, two years 
sea water) for Atlantics (Shaw and Muir, 1987, p.98). The Pacifics die after maturation 
while Atlantics generally survive and may grow further, but this is not commercially 
interesting at current prices. However, it may have implications for broodstock 
development. 
The cycle starts with the fertilized egg at a brood stock farm. The eggs are incubated in 
fresh water, hatch and the fry (or alevins) start feeding after their yolk-sack have been 
exhausted. After a period in fresh-water, the fry undergo a biological change to adapt to 
life in sea water. This process is called smoltification and the fry are from then on called 
smolts. The smolts are transferred to the sea water grow-out facilities -the salmon farms - 
for the final rearing phase to market size. The biggest problem in the industry at present is 
generally how to make the farms profitable. Thus most of the discussion to follow will be 
directed to the salt water grow-out phase. 
When aquaculture succeeds. 
Salmon farming is a relatively new industry. For this reason, there is only a limited 
amount of experience available for analysis to determine what the critical success factors 
are. However, a review of this industry, as well as other aquaculture activities, can help to 
identify the major problems and challenges in the industry as well as good management 
practices. 
Aquaculture has been likened to agriculture (Tiddens, 1990; Cunningham, Dunn and 
Whitmarsh, 1985) although the two differ in terms of species characteristics (fish are cold 
blooded animals, mammals and poultry are warm blooded, plants are neither) and the 
growth medium (water versus soil). The important, shared characteristic is that both are 
involved in raising a species from a "seed" to a marketable product. Tiddens has argued 
that agriculture succeeded in America because it was backed by a concerted effort by all 
levels of government in order to build a profitable industry (Tiddens, 1990). The most 
important activities identified by Tiddens were efforts to achieve technology transfers, 
develop new husbandry and farming techniques, products and seeds, methods and 
equipment and he further argues that aquaculture in America has been successful when 
treated as agriculture (Tiddens, 1990). Catfish farming is a case in point. 
The case of US catfish farming. 
Catfish farming was a small, backwoods industry in the late 1950's (Tiddens, 1990). 
When alternative crops were sought for southern farmers who were forced out of 
traditional crops (like cotton), catfish cultivation was suggested. The developments were 
directed by federal agriculture organizations and involved the establishments of 
experimental research stations close to the farm communities and federally funded research 
and development programs (Tiddens, 1990). Tiddens has summarized the main 
ingredients of agricultural and (by extension) aquacultural success as (Tiddens, 1990): 
run by farmers, 
good land and water, 
a supportive research arm available from the government, 
property rights guaranteed plus a right to conduct business, and 
species (plants or animals) available for which the genetic history and growth 
performance are known. 
The above success formula assumes that there are markets for the products and a suitable 
and available processing and distribution system (Tiddens, 1990). It is in these areas that 
the catfish industry has distinguished itself from most other aquacultural developments, 
including salmon farming. The catfish industry benefitted from early involvement of other 
firms involved in food processing and distribution (Tiddens, 1990). Consequently, catfish 
is sold in a wide variety of value-added products, the prices of which belie the inherently 
low cost of the raw material. Table 2.1 contrasts the main characteristics of the salmon and 
catfish farming industries. As can be seen from Table 2.1, the catfish farmers have been 
more involved than salmon farmers in product and market development and in pursuing 
economies of scale. 
Table 2.1 Characteristics of the salmon and catfish farming industries. 
Salmon farming - Norway Catfish farming - U.S. 
A commodity Branded products 
No emphasis on reducing production costs through Great emphasis on reducing production costs 
economies of scale through economies of scale 
Satisfying existing market demand for high cost Creating new mass markets for low cost fresh fish 
fresh salmon 
Little processing required Processed into fillets and portions 
Traditional fresh fish markets already established New markets for fresh and frozen fish products are 
promoted 
Processing and marketing is fragmented Processing and marketing is highly concentrated 
Industry is supply driven Industry is market driven 
Markets likely to be satiated within 3 years if Huge new markets being developed through 
existing structure is retained1 innovative and competitive pricing 
Source: Gjerset (1988) 
Norway, the industry leader in salmon farming and the developer of of the technology, also 
put in place a number of experimental research stations and involved the governmental 
policy aparatus at an early stage (Bjmdal, 1990; Ingebrigtsen, 1982). This would seem to 
offer additional support for Tiddens' assertions, particularly when contrasted with the 
experience in British Columbia, to be reviewed next, where the salmon farming industry 
This prediction has subsequently been proven correct. 
developed with much less government assistance than in Norway and has been much less 
successful. 
The case of British Columbia salmon farming. 
A recent report on the B.C. salmon farming industry identified a number of problems 
which contributed to the lack of success and many bankruptcies (Halliday et al., 1990). 
The problems encountered in B.C. were summed up as: 
poor site selection, primarily in areas highly susceptible to plankton blooms 
(Sunshine Coast), 
unskilled practitioners, 
poor husbandry techniques, 
poor inventory control causing feed waste by feeding fish that did not exist, 
farming untested species (Pacifics) based on experience with a foreign species 
(Atlantics) which is misapplication of technology, 
experimentation with unproven techniques such as neutered Coho and premature 
salt water immersion of smolts, 
growing unsuitable species such as Coho which matures too early and does not 
reach a large enough size to be profitable and Chinook which grows too slowly, 
poor financial management, 
under capitalization, and 
decrease in market price. 
The study of the salmon farming industry's performance in B.C. did not address the role of 
governments in salmon farming, but did conclude with a recipe for success (Halliday et al., 
1990): 
locate farms in low risk areas, 
locate farms in areas with suitable infrastructure, ' 
practice proper husbandry techniques such as: 
- planned feeding regimes, 
- regular mort (dead fish) removal, 
- regular net cleaning, 
grow species with optimal combinations of the following factors: 
- disease resistance and survival rate, 
- feed conversion rate, 
- sexual maturity rate, 
- smolt costs, 
- selling price per pound (or kilo), 
establish a proper broodstock program or purchase only high quality smolts, 
secure sufficient capital and capital structure, 
grow only the number of fish one can afford to raise to maturity, and 
properly manage operations and establish good financial controls. 
The conclusions about the B.C. experience are somewhat more specific than those of 
Tiddens, but clearly conform well to Tiddens' overall concerns. Apparently, B.C. more or 
less violated every precept of successful aquaculture ventures. Curiously, the 
recommendations for B.C. did not address the issue of unskilled practitioners. Proper 
husbandry techniques can hardly be implemented without sufficiently skilled personnel. 
Arguably, the practitioners gained skill as a result of their experience. A continued growth 
of the industry will nevertheless require a skilled pool of labour to draw on. Even though 
educational programs are now in place at most levels in the post-secondary educational 
system, the importance of the human resources should not be overlooked. 
Tiddens and Halliday et al. have put forward important guidelines for successful 
development of salmon farming ventures. However, the broader task of devising strategies 
for improvements also requires an appreciation of where the industry stands at present and 
the specific problems facing the farmers in the areas of production, production costs, 
markets, products, prices and distribution systems. 
The salmon farming industry today. 
Production. 
The growth in the production of farmed salmon (see Table 2.2) has been substantial. In 
1989 the total production for all species combined was 209,500 tons which represented 
22% of total world salmon production (wild and farmed combined). 
Table 2.2 Total World Salmon Production 1985 to 1989. 
(Metric tonnes) 1985 1986 1987 1988 1989 
World Pacific 
Salmon Landings 791,200 736,400 655,600 642,800 724,600 
World Farmed 
Salmon Production 47.80069.40087.800139.800~ 
Total 8 3 9 . 0 0 0 8 0 5 . 8 0 0 ~ 7 8 2 . 6 0 0 ~  
Ratio of Farmed 
to Wild Harvest 6% 9% 12% 18% 22% 
Source: B.C. Salmon farmers' Association (1990) 
Table 2.3 shows the distribution of the total production in 1989 among the three salmon 
species and identifies the dominant producer nations. From the table it is evident that 
Atlantic salmon is by far the largest species in terms of volume with Norway and Scotland 
the dominant producers. Coho is dominated by Japan and Chile while Chinook is 
dominated by British Columbia. This situation is not expected to change materially 
according to recently published forecasts (B.C. Salmon Farmers' Association, 1990). The 
same forecasts also showed a continued growth in total output for the industry (B.C. 
Salmon Farmers' Association, 1990). However, in November of 1991 the Norwegian 
Fish Farmers' Sales Organization declared bankruptcy as a result of its inability to continue 
financing of a large stockpile of frozen, farmed salmon which had been held back from the 
market in an effort to reduce the pressure on falling prices ("B.P. Poised to market 
Norwegian stockpiles", 1992). This dramatic development, and the general financial plight 
of the salmon farmers in Norway, have led to reports of revised production estimates for 
Atlantic salmon (based on the number of smolts entering the water) so that total output of 
farmed salmon is now expected to fall slightly over the next years from the 1990 high of 
about 284,000 tonnes ("Salmon surplus- Special report", 1992). 
Table 2.3 Dominant Species and Producers. 
Species & Tonnes 
Producers 1989 
Atlantic Salmon 
Norway 
Scotland 
All others 
Total Atlantics 
Chinook 
British Columbia 
All others 
Total Chinook 
Coho 
Japan 
Chile 
All others 
Total Coho 
Total output 209 ,S 10 
Source: B.C. Salmon Farmers' Association (1990) 
Within the dominant producer countries and elsewhere, there is a trend towards increasing 
industry concentration. Table 2.4 below summarizes some of the main characteristics of 
the dominant firms for the main producing nations (except Japan which produces primarily 
for its own domestic market). It is evident from Table 2.4 that the industry, other than in 
Norway, is rapidly organizing into major integrated groups with large seafood, meat 
packing, general food and other industrial firms taking positions. These new groupings 
frequently include hatcheries, grow-out facilities, processing, marketing and distribution 
firms or divisions (Price Waterhouse Management Consultants, 1991). 
Table 2.4 Characteristics of Dominant Producers (FirmslOwners). 
Norway Scotland Canada Canada Chile 
British New Brunswick 
Columbia 
56% of total world 
production (1989), 
Grow-out sites: 
790 grow-out sites 
(1989), 
Smolt sites: 
370 smolt 
production sites 
(19891, 
Structure: 
many small farms, 
no dominant firms, 
maximum farm 
size restrictions, 
no foreign 
ownership allowed, 
forward integration 
from farm allowed, 
but not the reverse, 
strong involvement 
in other countries. 
14% of total world 6% of total world 2% of total world 4% of total world 
production (1989), production (1989), production (1989), production (1989), 
360 grow-out sites 135 grow-out sites 42 grow-out sites 215 grow-out sites 
(19891, (19891, (19891, (19891, 
176 smolt 25 smolt 10 smolt 100 smolt 
production sites production sites production sites production sites 
(1989), (1989), (1989), (1989), 
3 firms control 8 firms control 3 firms control 30- 4 firms control 
50% of production, 70% of production, 40% of production, 50% of production, 
strong Norwegian strong Norwegian international strong Japanese, 
and BritishIDutch involvement, investors, British and 
involvement, Britishputch 
involvement, 
world's largest biggest west coast large poultry large oil company, 
individual producer, seafood processor, producer, 
large poultry large food group, Canada's largest large multinational 
producer, seafood company, food group. 
large multinational large feed large food group. 
food group, company, 
strong involvement Canada's largest 
in other countries. meat processor, 
large poultry 
producer. 
Sources: Price Waterhouse Management Consultants (1991) 
B.C. Salmon Farmers' Association (1990) 
Production costs. 
In the salmon farming industry, there is currently a distinct lack of accurate production cost 
data and it is therefore difficult to state with certainty how the producing nations compare. 
The issue is further complicated by the fact that the cost data published in the literature is 
not presented in a standardized format. Consequently, some caution is needed when 
making comparisons because not all cost elements may be reported for all countries. 
Furthermore, since all producers are generally located some distance from the major 
markets, transportation costs are important and currency fluctuations may be significant 
which may change the relative positions of the producing nations. 
Figure 2.1 shows comparative production cost figures from a recent report (Price 
Waterhouse Management Consultants, 1991). Except for Norway and Chile, all figures 
were reported for a dressed (i.e., gutted and bled) fish. The Norwegian cost is an estimate 
of the farm gate costs for a round (i.e., not dressed) fish from a model farm at full capacity. 
In order to allow a more direct comparison, the Norwegian cost figure was converted from 
a round to a dressed equivalent by adjusting for a 14% weight loss (Rackham, 1990) and 
adding $1 for processing (i.e., bleeding and gutting) and packaging (Egan and Wrigth, 
1990). The Chilean cost is the landed cost in the U.S. (i.e., of a dressed fish) and is 
unaltered. The Canadian east coast figure is reportedly from a limited survey of some 
smaller farms which may not be representative for the other farms in the area. However, it 
is generally conceded that production costs are lower on the east coast than in British 
Columbia (Price Waterhouse Management Consultants, 1991). 
Figure 2.1 Comparative World Production Cost$. 
Scotland Scotland Scotland Scotland Canada Canada Chile Norway 
Mainland Western Average Shetland West East Est. Full 
Isles Capacity 
Source: Price Waterhouse Management Consultants (1991). 
The costs in Figure 2.1 indicate that there are significant differences between the producer 
nations as well as important regional variations within at least one country, but do not give 
any indications of economies of scale at the farm level. Salvanes, in a previous and more 
detailed study, concluded that there were few apparent economies of scale at the farm level 
(Salvanes, 1989). Figure 2.2 shows a summary of 1989 Nonvegian cost figures from a 
more recent farm survey (Directorate of Fisheries, 1991). The survey found that, on 
average, the medium sized farms were slightly more cost effective than other farms which 
supports the earlier conclusion reported by Salvanes. Unfortunately, none of the cost 
surveys reported above can shed any light on what really distinguishes a low cost producer 
from all other producers because the effects of factors like purchases of receiverships, 
management practices, local biological conditions and smolt and feed supply were not 
specifically addressed. 
Chilean production cost data have been converted from USD to CAD at the average rate for 1989 of 
1.1842 (Royal Bank of Canada, personal communication). 
Figure 2.2 Norwegian Production Costs 19893. 
k Top 15 Est. Full Actual Farm Size Farm Size Farm Size 
9 producers Capacity* Avg. (92% 0-6999 7000- 9000+ m3 
Util.) m3 8999 m3 
Sources: * Price Waterhouse Management Consultants (1991) 
Norwegian directorate of Fisheries (199 1) 
Markets, Products and Prices. 
The seafood market is peculiar and distinct from the markets for other animal proteins 
because seafood is marketed first by species, second by product form (i.e., whole, fillet or 
steak) and third by size (Haby and Coale, Jr., 1990). Meat, on the other hand, is largely 
marketed by type of cut while poultry is marketed by body part (Haby and Coale, Jr., 
1990). Size is mostly relevant for shellfish and crustaceans, less so for finfish, although it 
should be noted that farmed salmon fetches higher prices per kilo for large than for small 
fish ( B C  Salmon Farmers' Association, 1990) and that a common complaint in the 
industry has been that many farmers are unable to produce a large enough fish (Archibald, 
Production cost data have been convertec d into CAD from Norwegian Kroner at the average exc :hange rate 
for 1989 of 0.1716 (Price Waterhouse Management Consultants, 1991) and adjusted similarly to the 
Norwegian cost data in Figure 2.1. 
The finfish products may be further organized (see Table 2.5) into four different groups 
based on normal market form (i.e., whole, fillet or steak), thickness of the form, flavour 
and cooking methods (Haby and Coale, Jr., 1 990). The four groups are 1) thin delicate 
products, 2) medium dense and light coloured meat, 3) medium dense and darker coloured 
meat, and 4) thick and densely fleshed meat. Table 2.5 shows a comparison of the main 
group characteristics, member species and cooking methods and demonstrates that finfish 
differ markedly from meats and poultry in the wide variety of species. It would appear that 
it is much easier to find substitute species in the finfish markets than would be expected in 
meat and poultry markets. The competition from the wild fisheries may therefore be more 
subtle and unpredictable for salmon farmers than one might at first assume. 
The market for farmed salmon is international in scope with most producers selling their 
products to export markets (see Table 2.6). The main exceptions are Scotland (see Table 
2.6) and Japan (Bj~rndal, 1990) which produce primarily for their own domestic markets. 
Most farmed salmon is sold fresh, in the U.S. primarily as fresh fillets or steaks (Egan and 
Gislason, 1989), and the producers compete with each other in most of the major markets. 
Although the salmon consumers still appear to by insufficiently understood (Price 
Waterhouse Management Consultants, 1991), they do not appear to have strong 
preferences in favour of either farmed or wild salmon (irrespective of species) and do not in 
general seem to be concerned about the origin of the salmon (Egan and Gislason, 1989). 
Table 2.5 Finfish Product Groups. 
GROUP 1 GROUP 2 GROUP 3 GROUP 4 
Description. Thin and delicate. Medium dense, Medium dense, Thick and densely 
light coloured darker coloured fleshed products. 
meat. meat. 
Product. Fillets: sole, Pan size: small Whole, fillet, Deboned steaks: 
flounder, some speckled sea trout, steak: tuna, swordfish, shark, 
turbot, Pacific sand porgy, whiting or mackerel, mullet, grouper, Atlantic 
dab. silver hake, king mackerel, and Pacific 
croaker, catfish. salmon, bluefish. halibut, sturgeon. 
Fillets: Cod, 
haddock, pollock, 
cusk, rockfish, 
ocean pearch, 
corvina, gray 
seatrout, 
sheepshead, catfish, 
tilefish, sablefish, 
monkfish, red 
snapper, black 
drum, Pacific 
rockfish, spiny 
dogfish. 
Characteristics. Tend to fall apart if Generally flaky Oily, smokes well. Large, meaty, 
handled once despite thickness. extremely dense 
cooked. fish. 
Cooking methods. Saute or bake. Bake, poach, fry, Poach or bake. Grill, barbecue, 
cook in foil. poach. 
Source: Haby and Code, Jr. (1990) 
Besides the interspecies competition, farmed salmon also faces competition from other food 
products (DeVoretz, Salvanes and Wright, 1990) and the producing nations are 
increasingly allocating more resources to marketing activities (see Table 2.7). However, 
these marketing activities have so far reflected little appreciation for other aspects of the 
seafood market such as the need to educate unknowledgeable consumers, applicability of 
traditional strategies for growing total demand or the presence of opportunities for 
differentiation on market segments or service (Price Waterhouse Management Consultants, 
1991). 
Table 2.6 Main Markets for Farmed Salmon. 
Norway Scotland British New Chile 
Columbia Brunswick 
Year 1988 W M 1989 1989 
France 
Denmark 
USA 
West Germany 
Spain 
Netherlands 
Japan 
Latin America 
Europe 
Others 
Total export markets 64,023 6,834 9,700 3,150 7,700 
Total domestic markets 16,348 11,166 2,700 1,350 0 
Total production 80,371 18,000 12,400 4,500 7,700 
Domestic markets 20% 62% 22% 30% 0% 
Export markets 80% 38% 78% 70% 100% 
Source: B.C. Salmon Farmers' Association (1990) 
Table 2.7 Comparative Marketing Expenditures - 1989. 
-- 
(CAD million) Norway Scotland Chile Britis h 
Expenditure 14.60 6.30 1.80 .31 
% of sales 1.5 1.5 2.8 .3 
Source: Price Waterhouse Management Consultants (1991) 
The rapid growth in the total supply of salmon has had noticeable effects on the prices in 
many, if not most, markets. The market price for salmon has fallen consistently from June 
of 1988, when a 4-6 pound Atlantic salmon sold to a first receiver in the U.S. for $5.19 
(per pound), to September of 1989 when the price reached $3.25 (B .C. Salmon Farmers' 
Association, 1990). The prices for Chinook and Coho followed a similar pattern of 
decline, and the prices for all three species continue to remain low. 
Most competition has traditionally been in terms of price during the commercial fishing 
season, when prices normally drop (Egan and Wright, 1990), and by attempting to meet 
the high quality fish produced in Norway during the rest of the year ("Ireland, Scotland and 
Shetland fill void left by Norwegian dismissal", 1991). The competition on quality has 
abated somewhat in the U.S. since Norwegian salmon was effectively barred from entry 
into this market by a trade embargo on farmed salmon as a result of dumping charges 
("Salmon surplus - Special report, 1992). Apparently, producers from other countries 
cannot yet meet the high quality of the Norwegian fish so that the focus has now been 
changed more towards avoiding the low price set by the cheaper Chilean fish rather than 
trying to get the price premium from a higher quality fish ("Ireland, Scotland and S hetland 
fill void left by Norwegian dismissal", 1991). 
The tendency towards greater indushy concentration (see Table 2.4 above) will likely 
increase the attempts to break out of the commodity mold by developing more value-added 
products. The success of the catfish farming industry is a good indicator of the great 
potential inherent in value-added products. In addition, a value-added strategy is generally 
assumed to have other potential advantages such as added total profit, opportunity to 
achieve greater stability and security through proprietary brands and spreading of risk by 
increasing the range of markets (Shaw, 1990). 
Distribution Channels. 
Farmed salmon is still to a large extent distributed through the traditional channels for wild 
caught fish. However, this is changing and Noiway and Scotland have developed 
specialized channels, particularly for the first links forward from the farm to the wholesaler 
or distributor (Shaw, 1990). Figure 2.3shows the most common distribution channels for 
salmon and Figure 2.4 shows the more specialized channels typical of the first links from 
the farm. One reason for this development of specialized channels is that farmed salmon 
has a flesh that is often significantly softer than in wild salmon (Millerd, 1988) so that the 
rough handling typical of the traditional distribution system is not conducive to the 
preservation of quality in the more fragile farm product (MacDonald and Leitz, 1984). 
Figure 2.3 Distribution Channels for Fresh and Frozen Salmon. 
1 Domestic Consumers I I Foreign Consumers I 
t t t t t 
Food Service 
and/or Retailers 
t t t t t 
I wholesalers I 
t 
I 
I I I I Farmed Salmon Producers 1 
Source: B.C. Salmon Farmers' Association (1990) 
I I I I Processors I 
The number of channels and selling points (from the farmers' perspective) are also 
changing towards a few, major channels capable of handling large volumes (Archibald, 
1990; Shaw, 1990) because there are definite economies of scale at the processing, 
distribution and marketing levels (Shaw, 1990). A further impetus for change in this 
direction is the preference of large retailers (e.g., supermarket chains) to deal only with 
large wholesalers or distributors who have wide and comprehensive product lines. These 
retailers want one-stop shopping and efficient service, delivery and billing procedures in 
order to keep the purchasing costs down (Archibald, 1990). 
Figure 2.4 Harvesting and Processing Options for Farmed Fish. 
Transported to Market 
I 
I Dressed and Boxed at Plant 
Dressed and Boxed 
at Licensed on-site 
Bled, Dressed and 
Boxed at Plant 
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t 
Packed on Ice 
I I I I 
Net Pen on Farm 
Source: Archibald (1988) 
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Summary. 
The development of a successful business strategy aimed at improving a salmon farm 
requires an understanding of the critical success factors for establishing a successful 
aquaculture venture as well as knowledge about the general business environment as it 
pertains to salmon farming. Tiddens and Halliday et al. have reported on the critical 
success factors with an emphasis on the importance of the knowledge and skills of the 
farmer, the quality of the farm location and the species being cultivated, the support of a 
sympathetic government and adherence to good management principles in the areas of 
animal husbandry, cost control and financing. 
There are also several important developments in the business environment which should 
be considered by the salmon farmers. The total production output of the salmon farming 
industry may now begin to decline somewhat over the next few years as a result of the 
dramatic changes taking place in Norway, but it is still very difficult to predict what will 
happen to the salmon prices (although no immediate changes are expected). The apparent 
lack of economies of scale at the farm level indicates that farmers should be less concerned 
with expanding the size of the farms than with a continued search for improvements (i.e., 
cost reductions) in the present operations. There are more definite economies of scale in 
processing, distribution and marketing, and the trend towards a industry concentration is 
noticeable in most of the producing nations. 
The salmon farming industry is following the lead of the catfish farming industry by 
increasingly focusing on the development of value-added products., but this trend may not 
have immediate consequences for the salmon farmers unless the processors begin to make 
specific demands about the type of product they need from the salmon farms. Since new 
product development (e.g., of value-added products) can require substantial investment it is 
only natural that the large integrated firms will dominate in this area. Nevertheless, there 
will still be market opportunities for commodity producers because many consumers still 
buy fresh, whole salmon and will continue to do so (Shaw, 1990), . Smaller firms may in 
some cases actually be in a better position than larger, volume oriented firms to capitalize 
on small niche markets (Klontz, 1991). Small farms may also be able to dominate in their 
own local markets by emphasizing service through steady, timely and direct delivery of 
fresh products while the larger integrated firms dominate in the mass markets in fresh and 
processed products. 
Whether a salmon farmer produces a commodityor specialty product for the fresh fish 
market or a raw material for further processing, one vital question remains unanswered; 
what kind of fish should he produce? Stated in a different manner, this really asks what is 
quality in salmon farming and what do the consumers ultimately expect to receive? These 
questions are the topics of Chapter 3 which examines the perceived quality of salmon. 
3. The Perceived Qualitv of Salmon. 
Introduction. 
This chapter will explore how and why quality works, how quality has been defined in the 
past and how it has been redefined in more recent years. A model for analyzing quality will 
be presented which will be applied to with findings from published research about how 
consumers perceive quality of seafood with particular reference to salmon. The 
implications of the perceived quality model will be discussed in the context of the chain of 
quality from the salmon farm through a generalized distribution system to the end 
consumers. 
Why quality? 
Total quality management puts the focus on quality because it is cheap and works well 
(Crosby, 1979). Traditional ways of thinking about quality would tend to contradict this 
assertion, but TQM departs from the traditional precisely by its novel and non-traditional 
definition of quality. The wider view of quality may perhaps best be illustrated by the 
following quotation (from Garvin, 1987, p. 103): 
"High quality means pleasing the consumers, not just protecting them from annoyances." 
That salmon farmers and the other members of the distribution chain should be concerned 
about quality is indicated by this consumer sentiment (quoted in Bisogni, Ryan and 
Regenstein, 1987, pp. 552-553): 
"Do I as a consumer have to snifevery bottle of milk? No, I don't. I shouldn't have to. I 
shouldn't have to do that with any other food. Are those the same kinds of standards 
maintained for fish or do I need to examine each piece? I take the responsibility for buying 
fish to a much greater extent than I would take responsibility for buying other things in the 
store." 
The literature contains numerous references to cases from manufacturing and service 
industries where dramatic achievements have been attributed to concentrated efforts in the 
pursuit of quality and quality improvements (Juran and Gryna, 1980; Ishikawa, 1985; 
Deming, 1986; Hayes, Wheelwright and Clark, 1988; Shingo, 1988; Schonberger, 1990). 
In the seafood industry, quality-at-sea programs have been successful in increasing the 
percentage of top grade fish by boxing at sea which translated into higher returns to the 
company in question (Desantis, Hoge and Lemon, 1984). 
Studies by the National Marine Fisheries Service (NMFS) in the U.S. on the impact of 
assuring high quality of seafood at the point of sale have shown that quality more than pays 
for itself (Slavin, 1987). These findings have been confirmed by, among others, the New 
Zealand Department of Industry and Trade which concluded that improved quality of 
snapper exported to Japan increased both sales and economic return (Slavin, 1987). A 26 
store supermarket chain in Arizona, USA found that sales had risen 67% after a period of 
concentration on high quality seafood (Slavin, 1987). Similarly, an Australian firm tried 
out a program emphasizing high quality seafood and found that after three years the firm 
required six processing plants to keep up with demand (Slavin, 1987). In fact, Gorga and 
Ronsivalli (1988, p.107) , after reviewing data compiled by the Gloucester Laboratory in 
the U.S. on the economic impact of quality assurance, concluded that the delivery of a 
product with a consistent, high quality is the only sales strategy that has shown a sustained 
effect on the demand (i.e., growth) for seafood. 
Marvelous as these examples may be, they do not explain how quality may be instrumental 
in achieving the reported results. W. Edward Deming describes the impact of quality as a 
chain reaction in six steps as shown in Table 3.1 (Deming, 1986). 
Table 3.1 The Effects of Quality Improvement. 
1 Improve quality. 
2 Costs decrease because of less rework, fewer mistakes, fewer delays or snags 
and better use of machine-time and materials. 
3 Productivity improves. 
4 Capture the market with better quality and lower price. 
5 Stay in business. 
6 Provide jobs and more jobs. 
Source: Deming (1986) 
Proponents of quality claim that emphasis on quality will lead to lower costs while the 
reverse is unlikely to be true. The following quote attributed to W. Skinner (Gorga and 
Ronsivalli, 1988, Preface p.viii) illustrates this point: 
"When low cost is the goal, quality often suffers. But when quality is the goal, 
lower costs do usually follow." 
In France, this assumption has been accepted to the extent that it has been incorporated into 
the standard "Quality Management - Guide for evaluation of costs resulting from non- 
quality1." The standard claims that quality improvement has a two-fold impact. First, 
quality improvements result in lower costs. Secondly, improved quality may allow 
charging a price premium. In summary, quality improvement is claimed to result in 
reduced costs, possibly premium prices, increased market share and, by extension, 
improved profitability. These assumptions have been tested in several studies of the PIMS 
database (Profit Impact of Marketing Strategies maintained by the Strategic Planning 
Institute). 
Phillips et al. analyzed the effect of quality (as an exogenous variable) on cost, price, 
market share and return on investment (ROI) for a sample of businesses from the PIMS 
database (Phillips, Chang and Buzzell, 1983). Quality as measured in the PIMS database 
is a rating by executives of the participating companies of their own products. In the study, 
quality was defined as the difference between the percentage of products of a firm rated as 
having high quality and the percentage of products rated as having inferior quality. 
The study found no support for the widely held view that a high relative quality position is 
incompatible with achieving a low relative cost position in an industry. Relative high 
quality showed a positive impact on R01 in an indirect manner through a positive effect on 
market position (i.e., market share). The study also found that higher relative quality as 
well as higher costs were linked to higher prices. Combined with the finding that quality 
may not significantly influence costs (i.e., either up or down), this study suggests that high 
quality products may command higher margins than lower quality products. Interestingly, 
the higher prices resulting from a high-quality strategy did not appear to impede market 
penetration. 
Normalisation Fran~aise, X 50-126 Octobre 1986, Gestion de la qualitC - Guide d'Cvaluation des coats 
A later study of the PIMS database tested the effects of treating quality as an endogenous 
variable where cost, price, market share and R01 were assumed capable of influencing as 
well as being influenced by quality (Jacobson and Aaker, 1987). Quality was defined 
similarly to the study by Phillips et al., but Jacobson and Aaker found a richer set of 
relationships than the previous study. Product quality was found to have a direct and 
positive effect on ROI, market share and product price such that high quality was 
associated with high ROI, high market share and high price. The feedback effects of ROI, 
market share and price on product quality were found to be more varied so that high ROI, 
market share or price did not necessarily indicate high quality. 
Similarly to Phillips et al., Jacobson and Aaker did not find a significant impact of quality 
on cost nor a feedback effect of cost on quality and the authors suggest that there may be 
several explanations for these results. First of all there may be an absence of effect 
altogether. Secondly, it is possible that high costs may lead to reduced quality rather than 
higher price. Finally, low cost may lead to higher quality rather than reduced price. Thus 
it is possible that a measure of the management strategy (as an intervening variable) may be 
required to depict accurately the relationships between cost and quality (Jacobson and 
Aaker, 1987). The researchers did not determine whether any of the firms in the PIMS 
database were pursuing strategies which consciously strive to manage or improve quality. 
Consequently, the two studies reviewed here do not allow us to make any definitive 
conclusions about the effects of such strategies on financial performance indicators. 
However, while not definitive, the studies by Phillips et al. and Jacobson and Aaker do 
offer some independent support for the general claims of total quality management 
proponents that high quality is attainable without necessarily increasing costs. Recent 
evidence from the successful applications of TQM suggests that both the business strategy 
and the definition of quality are important determinants of success (e.g., see Derning, 1986; 
Schonberger, 1990). 
Defining quality. 
In manufacturing, quality frequently has been seen as conformance to specifications (i.e., 
engineering specifications) which are often related to performance characteristics (Crosby, 
1979). The new concept of total quality management incorporates a particularly wide and 
comprehensive definition of quality. Table 3.2 shows a sample of commonly used 
definitions of quality drawn from the literature on quality in the general manufacturing and 
service industries, the food industry, and the seafood and fishing industry. 
As can be seen from the table, the definitions range from highly specific (Meske, 1985) to 
extensive and broad sweeping (Steenkamp, 1990). Several of the definitions essentially 
say that quality is fitness for use given the needs (requirements) of the consumer (e.g., 
Crosby, 1979; Juran and Gryna, 1980). Some go further by stating that quality relates to 
the consumers' opinions, perceptions or anticipations (e.g., Derning, 1986). In one 
instance consumers' loyalties are the focus (Schonberger, 1990) while in another the focus 
is on the concept of social welfare by insisting that quality is the minimum loss to society 
from the time the product is shipped (Taguchi, reported in Dale and Plunkett, 1990). 
Table 3.2 Common Definitions of Quality. 
Industry Definitions of quality Source 
General "Conformance to requirements." Crosby (1979) 
manufacturing 
and service: 
"Fitness for use." Juran and Gryna (1980) 
"The totality of features and characteristics of a product or European Organization 
service that bear on its ability to satisfy a need." for Quality Control, 
American Society for 
Quality Control, in 
Groocock (1986) 
"...defining quality is to translate future needs of the user Deming (1986) 
into measurable characteristics, so that a product can be 
designed and turned out to give satisfaction at a price the user 
will pay." 
"Whatever the customer wants and is willing to pay for." Young et al. (1990) 
"That which attracts, delights and holds our loyalty." Schonberger (1990) 
"The quality of a product is the loss imparted to the society G. Taguchi, in Dale and 
from the time the product is shipped." Plunkett (1990) 
"Perceived product quality is an idiosyncratic value Steenkamp (1990) 
judgement with respect to the fitness for consumption which 
is based upon the conscious and/or unconscious processing 
of quality cues in relation to relevant quality attributes 
within the context of significant personal and situational 
variables." 
Food: "The composite characteristics that differentiate individual Kramer and Twigg 
units of a product, and have a significance in determining the (1970) 
degree of acceptability of that unit by the buyer." 
"It is the combination of attributes or characteristics of a USDA Marketing 
product that have significance in determining the degree of Workshop 1951, in 
acceptability of the product to a user." Gould (1977) 
Seafood: "Seafood quality means eating or organoleptic quality." Gorga and Ronsivalli 
(1988) 
"Something good that arises in the mind of the perceiver." Bisogni, Ryan and 
Regenstein (1987) 
Fish: "Fish meat quality: flavour, texture, colour." Meske (1985) 
"Consumers' opinions." Jaffa (1989) 
Steenkamp has suggested that the commonly used definitions of quality do not have a firm 
basis in any theoretical rationales (Steenkamp, 1990). In his opinion, a relevant theoretical 
basis for the development of a new quality definition can be found within the broader 
context of value. Furthermore, Steenkamp has pointed to a lack of moderating factors in 
the commonly used definitions. He considers this a weakness because personal and 
situational factors and the competitive context (i.e., presence or absence of other products) 
all affect the formation of quality perceptions and should therefore be considered 
(Steenkamp, 1990). Value, as used by Steenkamp, is defined as: "a relativistic 
(comparative, personal, situational) preference characterizing a subject's experience of 
interaction with some object" (Steenkamp, 1990, p. 312). Steenkamp distinguishes among 
three dimensions of value: preference, subject - object interaction and the consumption 
experience. 
The preference dimension refers to consumers' evaluative judgements like favourable 
disposition, liking or affect. Steenkamp argues that the distinction between the acquisition 
and consumption of a product is important because consumers evaluate different aspects of 
a product at the time of purchase than they do at the time of consumption. In Steenkamp's 
terminology, consumers use quality cues prior to consumption and quality attributes during 
or after consumption. Quality cues are defined as: "informational stimuli that are, 
according to the consumer, related to the quality of the product, and can be ascertained by 
the consumer through the senses prior to consumption" (Steenkamp, 1990, p. 312). 
Quality attributes are defined as: "the functional and psychosocial benefits or consequences 
provided by the product. They represent what the product is perceived as doing or 
providing for the consumer. Quality attributes are unobservable prior to consumption." 
Steenkamp further distinguishes between intrinsic and extrinsic quality cues and experience 
and credence quality attributes. Intrinsic cues are those cues that are part of the physical 
product and which cannot be changed without also changing the physical product itself 
(e.g., color or odour of salmon flesh). Ex.@insic cues are those cues that are related to the 
product without actually being physically part of it (e.g., price, store or brand). Experience 
attributes are those attributes that can be ascertained by the consumer on the basis of actual 
experience with the product (e.g., taste or ease of preparation). Credence attributes are 
those attributes that cannot be directly ascertained by the consumer even after normal use 
for a prolonged time or without consulting an expert (e.g., health and nutrition or 
reliability). 
The subject - object interaction dimension is intended to illustrate three phenomena. First, 
that perceived quality is personal and differs between individuals. The personal factors are 
identified as involvement (i.e., degree and intensity of interaction with the product), prior 
knowledge (i.e., past experience or exposure), level of education (i.e., as related to 
consumers' information processing abilities), perceived quality risk (i.e., as related to 
difficulty of determining quality and effects of buying "bad" or "wrong" quality) and 
quality consciousness (i.e., as a mental predisposition to respond in a consistent way to 
quality-related aspects) (Steenkamp, 1990). Secondly, that perceived quality is situational 
by being dependent upon the context where the quality evaluation occurs. The situational 
factors identified by Steenkamp are usage goals and time pressure. Usage goals refer to the 
intended uses of a product while time pressure refers to the time available to make quality 
judgements. Thirdly, that perceived quality is comparative because products are evaluated 
in comparison to other products. 
The consumption experience dimension captures the idea that products are valued because 
of the services these products provide to the consumers. In other words, it is not the 
acquisition of a product that ultimately determines the perceived quality, but the 
consumption of a product. 
Based on the three dimensions of value (preference, subject - object interaction and the 
consumption experience) and the concepts of quality cues, quality attributes and moderating 
factors, Steenkamp has formulated the following comprehensive definition of quality 
(Steenkamp, 1990, p. 317): 
"Perceived product quality is an idiosyncratic value judgement with respect 
to the fitness for consumption which is based upon the conscious andlor 
unconscious processing of quality cues in relation to relevant quality 
attributes within the context of significant personal and situational 
variables." 
This is the definition that will be used throughout the remainder of this thesis. The 
definition is useful because it is based on contemporary consumer behaviour theory as well 
as specifically incorporating important elements only implicitly considered in other 
definitions found in the literature. Furthermore, Steenkamp has constructed a conceptual 
model of the quality perception process which is shown in Figure 3.1. 
In Steenkamp's model, perceived quality is a result of consumers' integration of quality cue 
beliefs and quality attribute beliefs moderated by personal and situational factors 
(Steenkamp, 1990). Quality cue beliefs are formed based on the cues consumers perceive 
prior to purchase while quality attribute beliefs are based on the consumers' experiences 
during and after consumption. Thus in order to understand how consumers perceive 
quality, it is necessary to identify the relevant quality cues and attributes and the moderating 
personal and situational factors as well as the beliefs consumers form about these cues and 
attributes and, finally, how the beliefs are integrated into an image of perceived quality. In 
the following section several published consumer research reports will be used in 
conjunction with Steenkamp's model to explore how consumers perceive the quality of 
salmon. 
Figure 3.1 A Conceptual Model of Perceived Quality. 
Moderating Personal and Situational Factors 
Intrinsic Experience 
quality cue quality attribute 
beliefs 
Cues in the Perceived 
environment quality 
Extrinsic Credence 
quality cue quality attribute 
beliefs beliefs 
Point of purchase Point of consumption 
The perceived quality of salmon. 
Cue acquisition 
and categorization 
Steenkamp's model is relatively new, and published consumer research studies on the 
quality of salmon and other seafood are, therefore, based on other definitions of quality and 
other models of quality perception. Furthermore, most studies have concentrated primarily 
Source: Adapted from Steenkamp (1990) 
Quality attribute 
belief formation 
on identifying the reasons consumers have for eating seafood, what they base their 
Integration of quality 
attribute beliefs 
purchase decisions on and what they specifically like or dislike about particular seafood 
products. The consumers' beliefs about seafood and the cues and attributes relevant to 
these beliefs have seldom been studied directly. Therefore, it is difficult at this time to 
draw any specific conclusions about the belief formation process for salmon consumers 
based on a review of previous research studies. However, the studies may be helpful in 
identifying the cues and attributes that consumers use and what personal and situational 
factors appear most relevant. Such knowledge may in some circumstances be sufficient to 
allow relatively accurate inferences about the underlying beliefs. Thus, the perceived 
quality of salmon will be discussed primarily in terms of identified cues, attributes and 
personal and situational factors. 
Consumers' perception of quality has not been studied directly, but one study found that 
for U.S. consumers2 the three most important factors when assessing quality of fresh fish 
were quality, freshness and flavour (see Table 3.3) (Bisogni, Ryan and Regenstein, 1987). 
These findings indicate that people use both intrinsic cues (freshness) at point of sale and 
experience attributes (flavour) at the time of consumption as predicted by the perceived 
quality model. However, the finding that quality is an important factor when assessing 
quality is confusing. Possibly the researchers assumed quality to be just another product 
characteristic like freshness or flavour. This would be contrary to the assumption of 
Steenkamp's model where quality is seen as a resultant, overall value judgement based on 
all other relevant product characteristics (Steenkamp, 1990). The finding may make more 
sense if the factor "quality" in Table 3.3 is interpreted as an expression of quality 
consciousness (a personal factor) thereby emphasizing that quality matters. 
Table 3.3 Important Factors when Assessing Quality of Fresh Fish. 
Classifications Always or often important (%) 
Personal factor; 
quality consciousness: Quality 
Intrinsic cue: Freshness 98 
Experience attribute: Flavour 95 
Source: Bisogni, Ryan and Regenstein (1987) 
All consumer studies referred to in the text concern U.S. consumers unless otherwise indicated. 
Egan and Gislason (see Table 3.4) found that the main reasons consumers eat fish and 
seafood are that they like the taste (an experience attribute) and that seafood is healthy and 
nutritious (can be both experience and credence attributes) (Egan and Gislason, 1989). 
Slavin has reported the important reasons for not serving seafood more often which are 
shown in Table 3.5 (Slavin, 1987). Table 3.5 shows that consumers are put off at the 
point of sale (or perhaps even earlier) by quality cues like smell and price and the personal 
factor related to their lack of knowledge about how to achieve the desired consumption 
experience. 
Table 3.4 Primary Reasons for Eating Fish and Seafood. 
Classifications 
Salmon Non-salmon All seafood 
Reasons consumers seafood consumers 
consumers 
(W (%> (W 
Experience attribute: Like the taste 39 38 39 
Credence attribute Healtwnutrition 36 29 3 3 
Situational factor; 
usage goal: Adds variety to diet 15 19 17 
Experience attribute: Easy to prepare 3 5 4 
Situational factor; 
usage goal: Makes a light meal 4 4 4 
Personal factor, 
quality consciousness: Good value 
Other 2 3 2 
Source: Egan and Gislason (1989) 
The results in Tables 3.3, 3.4 and 3.5 offer encouraging support for the usefulness of the 
model, but are not very explicit about what consumers use to judge quality. A more 
detailed summary of published research findings is included in Appendix A and will be 
presented for intrinsic and extrinsic cues, experience and credence attributes, and personal 
and situational factors. Comparative factors were not included as a separate category due to 
a lack of data about these factors. 
Table 3.5 Reasons for not Serving Seafood more often. 
Classifications Reasons 
Intrinsic cue: Don't like smell. 
Personal factors: prior knowledge Don't have good recipes. 
prior knowledge Don't know how to cook it. 
Extrinsic cue: Too expensive. 
Source: Slavin (1987) 
Intrinsic Ouality Cues. 
A summary of intrinsic cues identified by consumer researchers are shown in Table A. 1 in 
Appendix A. These findings show that product form (e.g., steaks and fillets), freshness, 
appearance (e.g., appetizing, no defects) and, to a lesser extent, bone content, are relevant 
cues. The intrinsic cue freshness has usually been treated by the researchers as just another 
product characteristic on the same level as age, temperature and odour. This is confusing 
because freshness should probably be thought of as an evaluative judgement (a cue belief) 
which is based on the separate cues age, temperature, appearance, odour and texture. In 
many cases it is not possible for consumers to evaluate freshness directly from cues like 
odour, texture or temperature (e.g., due to the layout of the display counters). This would 
leave appearance and age as the most readily available cues at the point of sale and the 
studies consistently found them to be important. It should be noted that the temperature 
history of the fish is possibly the single most important factor in determining the shelf life 
of fresh fish (Connel, 1980)3. 
Extrinsic Ouality Cues. 
The important extrinsic cues appear to be price, store (or restaurant), freshness (as 
signalled by appearance of package), point-of-sale information (including labels) and 
availability (see Table A.2 in Appendix A). Origin has not been shown to matter in the 
studies reviewed here. The falling prices of salmon may over time change the image of 
salmon being an expensive food. Evidently, consumers do not generally consider that 
supermarkets are suppliers of quality seafood. However, with the resurgence in recent 
years of well stocked fresh seafood counters in many of the larger supermarkets, it is 
possible that consumers may develop a more differentiated view of the supermarkets' 
abilities to provide high quality seafood. The importance of point-of-sale information is 
understandable in light of the lack of knowledge about good recipes and cooking methods 
referred to in Table 3.5 above. 
Experience Ouality Attributes. 
The experience attributes identified in the studies under review are shown in Table A.3 in 
Appendix A. Flavour is a very important attribute which was also reflected in Tables 3.3 
Microbacterial (and enzymatic) activity is significantly reduced at a keeping temperature of 0•‹C (Pedrosa- 
Menabrito and Regenstein, 1990a) and the last 3" reduction in temperature at just above freezing adds 
proportionally more to the keeping time of fish than reductions at higher temperatures (Flick et al., 1990). 
Consequently, fresh fish should be kept at a temperature as close to 0•‹C as possible at all times for 
maximum freshness and keeping time. 
and 3.4 above. The attributes health, safety and nutrition are also very important and they 
have many similar characteristics. Therefore, they have been classified as one composite 
attribute. In most respects, health, safety and nutrition are difficult to assess independently 
by consumers which indicates that they should be considered credence attributes. 
However, consumers often can tell quite quickly if they have contracted food poisoning 
and are naturally concerned about food safety. For this reason health, safety and nutrition 
has been divided into the two classifications short term health, safety and nutrition 
(experience attribute) and long term health, safety and nutrition (credence attribute). While 
ease of preparation generally shows up as an important attribute, this is probably of lesser 
importance than flavour and food safety. 
Credence Oualitv Attributes. 
A summary of credence attiibutes is shown in Table A.4 in Appendix A. Consumers 
believe that "seafood is good for you" (Slavin, 1987). This is an example of an attribute 
belief and underscores the importance of the long tesm health, safety and nutrition attribute. 
Consumers also feel that products should live up to their promises (i.e., be reliable). 
Reliability has been classified as a credence attribute because it is primarily ascertainable 
only over a long tesm and because the studies under review did not present any findings 
relevant to the short tesm nature of reliability. 
Personal Factors. 
Table A.5 in Appendix A summarizes the findings for personal factors. In general, the 
majority of consumers do not consume salmon or seafood and are not knowledgeable about 
seafood quality or preparation. Those who do consume seafood, consume it mostly at 
home and salmon consumers tend to eat more seafood than other consumers. The 
consumers are concerned about risk and the effects of eating tainted food. The findings 
indicate that there is an underlying belief that freshness reduces risk. The consumers are 
quality conscious and want reassurances that seafood is fresh. 
None of the studies reviewed here reported remarkable findings on the role educational 
levels. Of the other demographic variables reported on in these studies, only income and 
age were shown to distinguish (weakly) between salmon consumers and other seafood 
consumers (Egan and Gislason, 1989). 
Situational factors. 
None of the studies under review had much to say about the situational factors (see Table 
A.6 in Appendix A). Egan and Gislason reported that most salmon is consumed at home 
as family meals and that salmon is perceived as adding variety to the diet as well as making 
a light meal (Egan and Gislason, 1989). The most common cooking methods are broiling 
and baking, and the majority of salmon is purchased for consumption the same day. 
A summary of the perceived quality of salmon. 
Consumers in the United States appear to believe quite strongly that quality matters when 
buying and consuming salmon and other seafood. Consumers use different types of 
infosmation to judge quality at the time of purchase than at the time of consumption. At the 
time of purchase, quality cues are used, while consumers use quality attributes at the time 
of consumption. 
Salmon is purchased and eaten for the flavour or taste experience consumers desire and 
because salmon is seen as healthy and nutritious. Consumers are concerned about food 
borne illness and require products to be safe. Some attributes are directly ascertainable by 
the consumer upon consumption (experience attributes) while other attributes are difficult to 
ascertain by consumers even after a long time of use or without the aid of experts (credence 
attributes). Since attributes like flavour, health, safety and nutrition cannot be directly 
ascertained by the consumers at the time of purchase, quahty cues are used as proxies for, 
or predictors of, the presence or absence of the desired attributes. 
The most important quality cues appear to be product form, freshness, price, appearance 
and store (or restaurant) characteristics. Freshness is judged by appearance and age (i.e., 
of the fish), and if, the product is accessible to the consumer, also by odour, texture and 
temperature (i.e., of the fish). Quality cues may be directly past of the physical product 
(intrinsic cues) or external to the product (extrinsic cues). 
The perceived quality judgement of a product based on the quality cues or attributes are 
moderated by personal, comparative and situational factors. It appears that the consumers' 
relative lack of knowledge about salmon (as well as seafood in general), cooking methods 
and how to judge quality are important inhibitors of growth in overall consumption of 
salmon and other seafood. The majority of the U.S. population is not pasticularly creative 
when cooking salmon; broiling and baking are the most common methods. Salmon is 
consumed primarily as family meals as a healthy and nutritious change from the regular diet 
(i.e., salmon adds variety). 
There are also indications that the consumers consider the quality of salmon to be more 
unpredictable than the quality of other food products and that the consumers resent their 
greater responsibility, relative to other products, for judging quality of salmon. The 
perceived quality risk is high and product failure is seen as having serious repercussions 
either as a result of illness or a disagreeable eating experience. 
Quantitative measures of quality. 
The perceived quality model presents a conceptual way to think about quality and as such 
represents a qualitative measure of quality. Considerable work has been done to develop 
more rigorous and quantitative measures of quality and most of these measures have 
centred around what the perceived quality model defines as the intrinsic quality cues, 
particularly fish freshness. As yet, there is no single measure that adequately represents 
fish freshness suitable for field use and requiring no specialized skills. It is beyond the 
scope of this thesis to review the post mortem biology of fishes and the nature of chemical 
changes like enzymatic activity and microbiological development which form the basis for 
the indicators used to quantify fish freshness. However, a brief overview of quantitative 
measures is included in Appendix B 1 to illustrate the types of measures that have been 
developed to date. 
The chain of quality. 
The salmon farmer is not, and cannot be, solely responsible for the end quality of the 
product that reaches the consumer. While quality originates at the farm, it - the quality - 
must be carefully managed throughout the whole distribution chain in order to consistently 
meet the consumers' expectations. In this sense, one may think of the distribution chain as 
a chain of quality where each link has certain responsibilities and concerns which may be 
different from those of the preceding or succeeding links. 
The fanner's role is usually seen as being the producer of fish for processing. The farmer 
is primarily concerned with fish size, fish health and internal and external colour of the fish 
(Rackham, 1988). The farmer is also responsible for the flavour characteristics, nutritional 
content, initial freshness and appearance of the fish. 
The processor, who is often also the packer, processes, grades and packages the fish. 
This is also where the industry's main source of quality control is found. The processor is 
therefore concerned with the technical quality factors (standards) used in the grading 
process. Rackham considers it critical to the credibility both of the chain as a whole as well 
as the salmon farmers that grading be strict in terms of rejecting poor quality fish at this 
stage (Rackham, 1988). Obviously, consistency in grading will have a long term impact 
on the consumers' perception of product reliability (i.e., product quality consistency). The 
workmanship of the processor has a direct impact on the appearance of the fish and, 
consequently, on the grade of the fish. Since the fish is taken off the ice for processing, 
the processor has an important responsibility to protect and maintain the quality of the 
product by exercising proper temperature control. 
The distributor's role is generally to receive and breakdown larger quantities for smaller 
buyers. He may or may not open boxes, but is typically concerned about the labelling of 
boxes, the ice content, order accuracy and continuity of supply (Rackham, 1988). Because 
repacking of fish may increase the temperature of the fish, the distributor has an important 
role in maintaining the quality of the fish by ensuring that the product is properly chilled at 
all times. 
The retailer's role is to display the quality of the product to the consumer. He is concerned 
about the shelf life and the visual appearance of the fish (Rackham, 1988). To meet these 
two concerns, the retailer requires information about how to protect and present quality, 
butchering methods, cooking methods, presentation forms and packaging methods that fit 
the image of the product. Since the retailer is in direct contact with the consumer, the 
retailer is the one that is most directly and immediately affected by dissatisfied customers. 
All members in the chain share responsibility for maintaining freshness by strict 
temperature control and avoiding contamination of the product. The members are also 
responsible for consistency and continued improvement in the quality of the products they 
handle. Assuming a higher degree of responsibility for the quality will make it easier for 
the consumers by reducing the guess work, and thus the perceived quality risk, involved 
in purchasing salmon. Furthermore, all members share the responsibility for educating the 
consumers about cooking methods, nutritional content and quality evaluation because this 
will enhance the growth of overall demand to the benefit of everyone in the chain. 
The varied concerns of the individual members in the chain of quality illustrate that a 
considerable degree of cooperation and coordination will be required in order to 
consistently manage the quality of farmed salmon from farmer to end consumer. If 
significant and fundamental changes are required in the way some of the members of the 
chain carry out their businesses, such changes will not be possible without the involvement 
of the top management in the member organizations. Negotiations among top managers 
across organizations will be necessary to set common goals and define responsibilities. 
Within the individual organizations, involvement will be required on all levels. This total 
involvement within and across organizations in order to successfully reach a common goal 
is an important aspect of total quality management, which is the topic of the next chapter. 
4. Central Concepts of Total Qualitv Manaaement. 
Introduction. 
This chapter will provide a brief history of the development of total quality management 
(TQM) with a clarification of the different roles of quality management, quality assurance 
and quality control. After a short discussion of the common goals of TQM, the chapter 
proceeds with a presentation of the central concepts of TQM. The focus here is on ways of 
thinking rather than on specific methods and techniques which will be covered separately in 
Chapter 5. 
History 
Total quality management is a relatively recent term. In the literature one finds earlier 
references to total quality control (TQC) (e.g., Ishikawa, 1985; Feigenbaum, 1983), but on 
reading these authors it becomes clear that the distinction between TQM and TQC is more 
apparent than real. The exchange of "management" for "control" probably occurred in 
order to stress more clearly that the scope is company wide rather than being narrowly 
confined to the internal production environment. Consequently, no distinction will be 
made here between TQC and TQM. In fact, A.V. Feigenbaum's definition of total quality 
control (and thus TQM) from 1957 is still relevant today (in Ishikawa, 1985 p. 90): 
"[total quality control may be d&ned as] an efective system for integrating 
the quality development, quality maintenance and quality improvement 
eflorts of the various groups in an organization so as to enable production 
and service at the most economical levels which allow for full customer 
satisfaction. " 
TQM developed from its roots in the artisanal production environment prior to the industrial 
revolution where each worker was responsible for the whole production cycle and also for 
the quality of the product. The industrial revolution brought with it the division of labour 
and the beginning of the factory system (Shingo, 1988). Up to about 1900, a small number 
of workers were responsible for the production cycle for a product and the quality of that 
product (Feigenbaum, 1983). 
The first two decades of this century saw a rise of the modern factory concept with many 
individuals, performing similar tasks, grouped together under one foreman who was held 
responsible for the personal work of the workers (Feigenbaum, 1983). The foreman's role 
changed in the period from World War I to the 1930s when inspection quality control 
began to appear and full-time inspectors assumed responsibility for the control function 
(Feigenbaum, 1983). During World War 11, the need for improved inspection methods 
arose due to the tremendous production volumes required to sustain the war effort, and, as 
a result, statistical quality control (SQC) was developed. SQC made the inspection 
operation more efficient by introducing sampling techniques to replace 100% inspection 
(Feigenbaum, 1983). 
Feigenbaum argues that (in the U.S.) quality control remained restricted to production areas 
and grew rather slowly because management, for reasons not fully explained, lacked the 
willingness to act on the results from the technical and statistical work and to provide the 
necessary commitment to the pursuit of quality so strongly emphasized by Feigenbaum and 
others (e.g., Derning, 1986, p.21). This impeded the progress in improvement efforts 
(Feigenbaum, 1983). According to Feigenbaum, the decision making structure often could 
not handle the recommendations from the operational levels, and quality control, therefore, 
remained a shop-floor activity unable to address or solve the quality problems as perceived 
by management (Feigenbaum, 1983). As a result, the realization grew in the 1950s that a 
much wider, more comprehensive approach was required to effect lasting quality 
improvements. Quality then became to be seen as a major new business strategy and this 
development accelerated in the 1980s (Feigenbaum, 1983). This new strategy is based on 
company-wide involvement and also concentrates on managing all important linkages in the 
chain from production to the end user (Schonberger, 1990). 
Total quality management can thus be seen as a result of a trend in quality control spreading 
from inspection to a company-wide activity (Ishikawa, 1985). Parallel to this came the 
realization that quality must be designed into the product and, this became the focus of 
quality assurance (Ishikawa, 1985). The developers of new products quickly discovered 
that the designed quality could not be achieved unless the rest of the company became 
involved in support of the product, and quality assurance, like quality control, spread from 
the design phase of new products to a company-wide activity (Ishikawa, 1985). 
The terms quality control, quality assurance and (total) quality management are frequently 
encountered as if they were completely interchangeable, which they are not, and it may, 
therefore, be useful to clarify the terms further. Quality control is here defined as a product 
oriented activity aimed at maintaining quality (Shingo, 1988) while quality assurance is 
seen as the management of people or products, the focus being on control of people's 
actions and workmanship through the quality assurance system and on control of products, 
rather than on control of the processes (Mortiboys, 1990). Quality management, as an all 
embracing concept, is management of the process by encouraging people to do things right 
the first time and to participate in continuous improvement, and by creating an environment 
which makes it possible for the employees to do these things (Mortiboys, 1990). 
Goals of TQM. 
Strategy formulation is normally based on certain formally or informally stated goals which 
in turn are based on certain expectations (Johnson, Scholes and Sexty, 1989, p. 155). 
These goals are usually set by some individual or group within the company and may differ 
substantially from one company to another even within the same industry. Despite such 
diversities, however, there are often sufficient similarities between the various goals to 
allow some generalization about the common elements. In the case of total quality 
management, the goals may be generalized as: 
1. Uniform quality around the target (Dale, Lascelles and Plunkett, 1990, p. 11). 
2. Continual improvement towards perfection (Dale, Lascelles and Plunkett, 1990, 
p. 11). 
3. Respect for human values (Monden, 1989, p. 84). 
The rationale for focusing on quality improvement and variability reduction was discussed 
in Chapter 3. Schonberger (1986, p.13-14) has called these the two universal goals. The 
concentration on improvement stems from the belief that high quality can only be achieved 
by improving every major and minor process within the company (Farquhar and Johnston, 
1990, p. 19). The strong emphasis on human values is based on the belief that respect for 
the worker must be cultivated to realize the full potential of the human resources in order to 
reach the other objectives (Monden, 1989, p. 84). 
Central concepts. 
Total quality management is based on several important concepts which define how the 
practitioners think about quality, people, customers, production, management, X 
organization, communication and so forth. In order to provide a coherent framework, the 
concepts will be presented under four headings; the need for uniform quality, 
understanding the production environment, the need for total involvement and the 
importance of respect. 
The need for uniform quality. 
Consider a company with a set target quality level which in turn is associated with certain 
tolerance limits defining this "targetL' so that, by definition, anything falling within these 
limits is "on target". The implication of this view of what constitutes satisfactory 
performance is that the cost of variability is zero within the upper and lower limits and that 
the distribution around the target is irrelevant as long as the achieved quality is within the 
bounds. This has in effect been the traditional mode of thinking about quality (Roy, 1990). 
The above assumptions have been challenged by G. Taguchi who, as was shown in Table 
3.2 above, defines quality as the total loss imparted to society from the time the product is 
shipped to the customer. According to Taguchi, the loss results from harmful effects to the 
society (i.e., caused by the product) and from excessive variation in functional 
performance1 (Roy, 1990, p. 10). He further argues that performance gradually 
deteriorates as actual quality departs from the target so that losses may occur (at an 
exponential rate) even though the quality is still within the limits (Roy, 1990, p. 11). The 
differences between the two approaches are illustrated in Figure 4.1. 
Whereas the old school considers that performance falls to zero outside the limits, Taguchi 
argues that a much higher actual loss may occur (e.g., in the case of a small subsystem 
Taguchi's loss function is primarily concerned with the effects of variation (Roy, 1990, p.10). 
causing a larger system to malfunction) (Roy, 1990, p. 12). The Taguchi approach has 
been quite influential in Japan, and illustrates why a focus on uniformity and low variability 
of quality is pursued while also demonstrating the benefits of continuous improvement 
even when quality is technically within the design limits. 
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Understanding the production environment. 
The concepts related to the understanding of the production environment are primarily 
related to how one thinks about production, waste and the responsibilities of management 
and workers for maintenance, improvement and innovation. 
Production. 
Production is considered as a network of processes and operations (Shingo, 1988). A 
process is here defined as the chain of events during which raw materials are changed into 
products and consists of four phenomena; operation (i.e., change in shape or property; 
assembly or disassembly), transport (i.e., change in position), inspection (i.e., comparison 
with a standard) and delay (i.e., passage of time without accompanying operation, 
transport or inspection) (Shingo, 1988, p. 313). 
An operation is defined as a chain of events during which work is performed by people or 
machines on materials (Shingo, 1988, p. 232). Operations consist of several tasks and 
allowances which have been defined as the preparation and post operation tasks (e.g., 
machine changeover or non-value added work), the essential or principal operation (i.e., 
where value is added) and the marginal allowances like human fatigue and personal hygiene 
allowances (e.g., lunch breaks, visits to washrooms) and non-human operational and work 
place allowances (e.g., machine maintenance) (Shingo, 1988, p. 308-3 10). 
Shingo further distinguishes among four types of delay which he identifies as raw material 
and finished goods storage, process delay and lot delay (Shingo, 1988). Process delay 
occurs due to poor timing or imbalance among processes while lot delay occurs when parts 
in a lot are delayed until the rest of the lot is processed (Shingo, 1988, p. 305). 
The distinction between processes and operations is important because it provides a 
standard framework for analyzing production systems. Furtheirnore, as Shingo points out, 
two types of improvements are suggested; process-oiiented improvement and operations- 
oriented improvement (Shingo, 1988, p. 314). A process-oiiented improvement is any 
J 
change in one operation that results in a simplification (or elimination) of a later operation 
(Shingo, 1988, p. 314). Operations-oriented improvements make individual operations 
more efficient, but do not significantly affect later operations (Shingo, 1988, p. 315). For 
instance, the development of statistical quality control during World War I1 is an example 
of an operations-oriented improvement because the inspection function was made more 
efficient. If, on the other hand, a machine were to be fitted with sensors and other 
equipment to detect and correct defects automatically as they occur, this would constitute a 
process-oriented improvement because the later occurring inspection function could be 
partly or completely eliminated. Both types of improvements are obviously valuable, but it 
is also clear that, in general, one should pursue process-oriented improvements before 
improving operations because a change in the overall process may eliminate certain 
operations altogether (Shingo, 1988, p. 315). 
Another important implication of the concept of production as a network of processes and 
operations is the focus on the linkages between processes (and between operations) by 
drawing attention to the effects of transportation, delay and inspection, all of which are 
activities which do not add value. his focus is frequently referred to with phrases like "the 
next process is the customer" shikawa, 1985, p. 104) and has also been expanded I j l  
beyond the boundaries of the firm to include every linkage in the chain all the way to the ' 
end customer, creating, in effect, a chain of customers (Schonberger, 1990). J 
The issue of waste has been given much recognition in Japan as exemplified by Toyota 
where elimination of waste is the main goal of the Toyota Production System (Monden, 
1989, p. 84). Indeed, T. Ohno, who is generally considered the chief architect of the 
Toyota Production System, defines capacity as a being a function of work and waste 
(Ohno, 1988, p. 19). He further defines work as a function of value added work, non- 
value added (but unavoidable) work and waste (Ohno, 1988, p. 58). Waste may be 
defined or categorized in several ways, and companies frequently differ in their ways of 
thinking about waste, but Table 4.1 shows a representative summary of hidden wastes 
based on the definitions used by Canon and Toyota which are also encountered in various 
similar forms in the literature (e.g., Eikeri, 1989). The underlying thinking behind the 
focus on waste is that elimination of waste makes work more efficient. From Table 4.1 it 
is evident that waste can affect all aspects of a production system so that waste elimination 
can be expected to have a beneficial impact on both operations and processes. 
Table 4.1 The Hidden Wastes. 
Areas (where to look): I Sources (what to look for): 
Waste in planning. 
Waste in start up. 
Waste in operations. 
Waste in equipment. 
Waste in human resources. 
Waste in indirect labour. 
Waste in expenses. 
Waste caused by work-in-process and 
inventories. 
Waste caused by defective parts and 
products. 
Waste caused by over production. 
Waste caused by over processing. 
Waste caused by waiting. 
Waste caused by transporting. 
Sources: (1) Japan Management Association (1987, p. 17-18.), (2) Ohno (1988, p. 129) 
The responsibilities of management and workers, 
Management of a production system, or a company, may be seen to involve, among other 
things, three functions; maintenance, continuous improvement and innovation (Imai, 
1986, p. 7). The maintenance of processes and systems is primarily the responsibility of 
the workers who may also be involved in improvement of operations and who may 
contribute with improvement suggestions related to processes (Imai, 1986, p. 6). 
Supervisors and middle management are increasingly responsible for improvements in the 
form of small, but evolutionary, improvements as a result of on-going efforts (Imai, 1986, 
p. 6). Innovation, which is here seen as a drastic, or revolutionary, improvement due to a 
large investment in new technology or equipment, is the responsibility of middle and, 
particularly, top management (Imai, 1986, p. 6). Figure 4.2 shows the conceptual 
relationships (i.e., not to scale) between job functions and the organizational hierarchy. 
Figure 4.2 Job Functions. 
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Problem solving is a central feature of the above three job functions. Deming discusses 
problems and their origins in terms of common causes which are due to systems problems, 
and special causes which are due to special events (Deming, 1986, p. 314). Juran, in a 
similar vein, uses the terms chronic and sporadic causes (Dale, Lascelles and Plunkett, 
1990). The origin of a problem is relevant when considering what priority to assign to it as 
demonstrated above under the discussion of processes and operations where process- 
oriented improvement is generally given priority over operations-oriented improvement 
(Shingo, 1988). Consequently, common causes receive priority over special causes 
because of the need to address systems (or process) problems if fundamental improvements 
are to be achieved (which is not to say that special causes can be ignored, however). 
The distinctions between processes (or systems) and operations, and common causes and 
special causes have aided in further defining the responsibilities of management and 
workers which in turn has had an important effect on the expectations about what managers 
and workers can reasonably be expected to accomplish. Since processes or systems give 
rise to problems with "common" causes, these problems are therefore primarily the 
responsibility of management. Deming has stated, in a discussion of why he thinks very 
little ever improves by itself, that in his estimation only about 6% of problems experienced 
by workers are due to special causes which can be directly cleared up by the workers. The 
remaining 94% are due to common causes which are the responsibility of management 
(Derning, 1986, p. 315). Juran has also presented a similar heuristic, but he divided the 
responsibility 20180 (Sandholm, 197 1, p. 139). 
The implication is that if the vast majority (e.g., 80% or more) of problems are caused by a 
system or process over which workers have little or no control, merely admonishing them 
(i.e., the workers) to follow standard operating procedures and concentrate harder on their 
tasks will be ineffective. Obviously, management must first attend to their own 
responsibilities by addressing how the systems or processes interfere with the production 
of quality products and how common causes of problems can be removed. 
The need for total involvement. 
A recurring theme in Japanese production systems is a strong emphasis on people and the 
potential inherent in the judicious development of a firm's human resources. A good 
example of this thinking is found in the following quotation attributed to an electronics 
company executive regarding answers to questions from visitors from the West (Ishikawa, 
1985, p. v): 
"They look puzzled when I tell them that the diference in quality of sound comes from our 
people and not from our machines." 
Underlying this statement is the observation that fundamental improvement is generally not 
considered possible without total involvement of the whole work force from top to bottom. 
Derning states, on the topic of involvement, that quality begins with intent and that this 
must be canied over into plans, specifications and tests in order to deliver the intended 
quality to the customers, all of which is the responsibility of management (Deming, 1986, 
p. 49). If this backing from top management is lacking, few lasting and significant 
improvements are likely to be realized (Feigenbaum, 1983). 
In order to avoid the same mistakes in post-World War I1 Japan as in the U.S. during the 
war, special efforts were made in Japan to involve top management early on which 
included inviting prominent U.S. consultants (e.g., Deming and Juran) to Japan in order to 
build credibility for the new approach (Ishikawa, 1985, p. 19). Then, after a decade or so 
of efforts to educate management and applying this learning to improving systems and 
processes, came the realization in Japan that these systems and processes could not alone 
assure quality; direct involvement of the workers was also necessary (Ishikawa, 1985, p. 
210). The sheer numbers of workers precluded educational programs like those in effect 
for managers, but a solution was found by developing quality circles. These began as 
cossespondence courses in quality control for individual and group study, administered by 
a nationwide organization, which stressed voluntarism, self-development, mutual 
development and eventual total participation (Ishikawa, 1985, p. 21). 
The success of the quality circles brought to management's attention the importance of 
making full use of small groups of workers in the elimination of special causes of problems 
and in the improvement of the overall system through changes in tools, designs, scheduling 
and even the production process itself (Deming, 1986, p. 491). It can also be seen that one 
of the keys to this success was the emphasis of top down education which taught all levels 
about quality control techniques to deal with special causes of problems and about 
techniques for continuous improvement to deal with common causes of problems (Deming, 
1986, p. 5). 
The importance of respect. 
The issue of respect has received much attention in Japan where, for instance, "respect for 
workers" is a stated goal of the Toyota Production System (Monden, 1989, p. 84) and 
respect for humanity has been proposed as a management philosophy (Ishikawa, 1985, p. 
112). It is not coincidental that, out of four strategic investments (new technology, 
equipment, developing human resources and human welfare) identified at Canon as being a 
requirement for developing a company responsive to change and where waste cannot 
occur, two (human welfare and development of the human resources) concern people 
(Japan Management Association, 1987, p. 27). The focus on respect is further 
underscored by one of the basic motivating ideas of quality circles which is to create a 
"work place where humanity is respected" (Ishikawa, 1985, p. 112). 
According to Ishikawa, the fundamental principle of successful management is to allow 
subordinates to make full use of their abilities which is only possible if management is 
willing (and able) to delegate authority to their subordinates (Ishikawa, 1985, p. 112). 
Delegation, to be effective, requires respect and Kanter has argued that this respect must be 
for the individual and his or her competencies rather than respect for the "system" (Kanter, 
1983, p. 34). Furthermore, Kanter claims that when participation is encouraged for its 
contributions to quality of work life or motivation of the work force, it is significantly less 
effective than in the cases where participation is encouraged for its contribution to 
innovation (Kanter, 1983). Participation, in Kanter's view, is a vehicle to utilize the 
unexpected contributions from individuals while at the same time expanding their outlook 
and enhancing their skills (Kanter, 1983), all of which can be seen as supporting the goal 
of developing the human resources. 
Closely tied up with the issue of respect is the need for consistency and constancy of 
purpose (Deming, 1986), which means that the organization's stated goals are backed with 
supportive action and investments. Obvious as this may seem, organizations frequently fail 
to display such consistency either internally or externally and the main reason may simply 
be the short time horizon which dominates in many firms (Deming, 1986, p.97-98). In the 
West, two great moderators of organizational behaviour are the quarterly financial reports - 
or at least the annual ones - and the need to show continuous growth. Coupled with this is 
a tendency for employees to change jobs relatively frequently throughout their careers as 
well as a tendency to stay in the same jobs within a firm for only a short time (Deming, 
1986, p.97-98). The periodic financial reports are the drivers because they are the measure 
of performance upon which corporate reward systems are based. Consequently, it is easy 
to see that it is unrealistic to expect much enthusiasm for long term investment when costs 
are incurred at the time of investment but benefits accrue much later and frequently 
elsewhere in the organization (i.e., in someone else's budget). 
The important conclusion to be drawn from this is that unless the performance measures, 
X 
the reporting framework and the reward systems are aligned to reinforce the long term 
desired behaviour of the organization, actual behaviour will be different from the plan. Not 
unpredictable, just different because people tend to be quite adept at sorting out the internal 
inconsistencies in their organizations and adjusting their behaviour accordingly (i.e., to act 
in their own best interest). The organization may end up being run according to a number 
of secret agendas which quite likely will be at cross purposes with each other and with the 
goals of the organization. 
Accounting regulations being what they are, it is unrealistic to expect a change in the time 
requirements for issuance of financial reports. However, it is entirely feasible for an 
organization to disassociate internal performance measures from the financial reporting 
system, to find performance measures consistent with the corporate goals and to realign the 
reward system accordingly (Johnson and Kaplan, 1987). Obviously, this may involve 
significant organizational changes and it should be noted that respect is also manifested in 
the way organizations deal with people when researching problems, developing solutions 
and deciding among alternatives. One way to look at this is as a process of negotiations. 
Fisher and Ury have proposed a general model for successful negotiations with the 
following four central elements (Fisher and Ury, l98 1, p. 11-12): 
1. Separate people from the problem (i.e., avoid letting emotions become 
entangled with the problem, concentrate instead on the objective merits of 
the problem). 
2. Focus on interests not positions (i.e., avoid compromises between extreme 
positions, concentrate on the underlying interests of the involved parties). 
3. Invent options for mutual gain (i.e., avoid deciding on a limited set of 
alternatives while under pressure, set aside time to generate a range of viable 
and mutually beneficial alternatives prior to decision making). 
4. Insist on using objective criteria (i.e., avoid discussing what participants are 
willing or unwilling to do, search instead for objective criteria which can 
serve as fair standards). 
The general approach of TQM conforms well to the Fisher and Ury model. TQM goes a 
long way towards separating people from problems by consistently focusing on processes 
and systems versus operations, on common causes versus special causes and by stressing 
the difference in responsibilities between management and workers. A focus on interests 
rather than positions and on options for mutual gain, is preserved by clear thinking on who 
is responsible for what (e.g., see Figure 4.2 above) and by an insistence on solutions 
which satisfy all the criteria inherent in a goal specification which blends "hard" issues like 
uniform quality and continuous improvement with "soft" issues like respect for human 
values. Finally, the stress on methods and techniques to specifically define and control 
quality, processes and operations can be seen as a concerted attempt to come to grips with 
the need for measurable and objective criteria. 
Summary. 
TQM strongly emphasizes the importance of interdependencies (i.e., linkages) inherent in 
production systems both internally and externally to the organization. This thinking is 
frequently expressed with a chain metaphor which has also been utilized in this thesis to 
identify a chain of customers, a value chain, a chain of quality and a cold chain. First of 
all, the chain of customers (e.g., Schonberger, 1990) expresses the idea that all links in the 
distribution chain are in effect customers of each other. The chain metaphor has been taken 
inside a firm by asserting that the next process is the customer (e.g., Ishikawa, 1985). 
The links from the origins of component pasts and services to the end consumers may also 
be thought of as a value chain (e.g., Porter, 1985; Shingo, 1988). This is helpful in 
identifying what is value to the end consumer as well as defining where this value is created 
throughout the chain. Further in this vein, one may think of a chain of quality (e.g., 
Groocock, 1986, see also Chapter 3). The chain of quality represents a more concrete 
operationalization of the value chain in terms of how consumers define quality for the 
specific product under consideration and how quality is maintained or changed (i.e., 
degraded or enhanced) throughout the chain. In the specific case of fresh salmon, 
maintenance of quality is, perhaps more than anything else, a function of maintaining a low 
storage temperature from harvest to the end consumer (Connell, 1980, see also Chapter 3). 
This may also be thought of as a cold chain. 
Total quality management, then, means management of the various chains in order to 
produce products of uniform quality which are continuously improved. This requires total 
involvement of the work force from top to bottom which is achieved by creating a 
favourable working environment based on respect for human values and the alignment of 
performance measures, reporting structures and reward systems. Other important 
requirements are education of the whole work force; judicious assignment of 
responsibilities (and hence expectations) between management and workers; careful 
separation of common causes from special causes and processes from operations; and 
complete elimination of waste in all its forms, 
In conjunction with the core concepts, there exists a number of practical methods and 
techniques to achieve the goals of TQM. A relevant subset, to be presented next, has been 
extracted which is suitable for implementation at the entry level of a TQM program. 
5. Kev methods and Techniaues. 
Introduction. 
The key to setting goals is a proper understanding of the firm's present position in terms of 
strengths, weaknesses, problems and opportunities. Porter has developed a method, value 
analysis, which is specifically designed to map the status quo (Porter, 1985). The general 
framework, shown in Table 5.1, serves as a useful starting point which may be modified to 
suit the particular needs of the individual firm. It is useful for analyzing both the external 
and internal chains; and is easily completed. In Table 5.1, the firm is seen as carrying out 
five main activities (inbound logistics, operations, outbound logistics, marketing and sales, 
and service) and four supporting activities (operation of management systems, human 
resource management, technology development and procurement) which all contribute to 
the creation (or possibly destruction) of value (i.e., a product or service of value to the 
customers). For each cell (i.e., combination of main and supporting activity) some 
suggestions are provided for what specific areas might be involved (e.g., procurement 
activities affect the quality and quantity of machinery available to operations). Filling out a 
value analysis table involves identifying the strengths and weaknesses for each of the 
combinations of main and supporting activities by asking how these activities ensure value 
(e.g., high quality) or prevent the attainment of the desired quality levels. The information 
collected and recorded in this manner may identify important systems (or process) related 
problems or opportunities and should be analyzed to establish priorities for the 
development of the improvement plan. Since the possible variety is large, individual 
problems, challenges and opportunities in the external environment will not be discussed 
further. Rather, the emphasis will be on examining barriers to change relevant to quality 
improvement programs and on providing general techniques for identification of problems, 
analysis of data, causes and effects, developing solutions and implementing improvement 
suggestions in the internal production environment. 
Table 5.1 The Value Analysis Framework. 
SUPPORTING MAIN ACTIVITIES 
ACTIVITIES 
Inbound Operations Outbound Marketing Service 
logistics logistics and sales 
(Transportation, (Transfomation (Collection, (Sales (Activities to 
receiving, of inputs into storage and administration, enhance or 
distribution and end products.) distribution of advertising, maintain the 
storage of end product to selling, value of the end 
inputs.) customers.) promotional product.) 
activities .) 
Management 
systems. 
(Systems to 
plan, organize, 
direct and 
control people 
and activities.) 
Human 
resources. 
(Recruitment, 
development, 
training and 
rewarding.) 
Technology 
development. 
Purchasing 
system, 
transport 
scheduling, 
materials 
receiving, 
handling and 
storage. 
Production and 
harvest 
planning, 
quality control, 
cash and 
inventory 
management, 
facilities 
layout. 
Recruitment of Training, 
employees, building team 
suppliers, spirit (culture), 
shareholders and job satisfaction 
creditors. directed at 
Supplier audits. employees and 
subcontractors. 
Know-how Process 
(better: know- development. 
why), design, 
technology 
Delivery Order 
scheduling. processing, 
accounts 
receivable. 
Training, Agents, sales 
building team force, 
spirit directed at distributors, 
subcontractors. merchandisers, 
goodwill. 
Transport, Network of 
packaging. contacts, 
information 
systems. 
Customer 
service system, 
information 
sharing, access 
policy. 
After-sales 
staff, 
maintenance 
staff, 
reputation. 
Error or defect 
or waste 
identification 
and diagnosis. 
technologies for transfer. 
inputs, 
processes, 
products or 
admin.) 
Procurement. Transport, Machines, Transport, Products and Franchisees, 
storage consumables. storage services, credit facilities. 
(The process of facilities, facilities. patents and 
acquiring capital. licenses, brand 
resource inputs names, market 
to main research. 
activities.) 
Source: Adapted from Johnson, Scholes and Sexty (1989, p.103) 
Barriers to change. 
Any attempt to implement improvements must sooner or later come to grips with the way 
people and organizations react to or resist change. A common assumption is that failure to 
improve is mostly a function of the organization's resistance to change. This presupposes 
that the organization knows how or what to improve in the first place, which to some 
observers is an entirely erroneous assumption. In fact, Derning (1986, p.405) goes as far 
as stating that: 
"Competent men in every position, from top management to the humblest worker, know 
everything there is to know about their work except how to improve i t . .  . Help toward 
improvement can come only from outside knowledge." 
J.S. Livingston (in Mintzberg and Quinn, 1991, p.8 17) has suggested the following simple 
reason for Deming's lament: 
"The tasks that are the most important in getting results usually are left to be learned on the 
job, where few managersl ever master them, simply because no one teaches them how." 
Unfortunately, Livingston observes, formal management programs typically stress the 
development of problem solving and decision making skills, but generally exclude the 
skills to identify problems or to develop and implement operating plans to achieve the 
desired results (in Mintzberg and Quinn, p.817). In real life, he continues, success is 
And, by extension, few workers. 
dependent on a person's ability to identify and exploit available opportunities as well as the 
ability to identify and resolve problems before they become critical. 
Deming and Livingston point to the importance of skills, training and procedures to the 
change process itself, but it is also clear that the context within which the change is 
attempted is of importance to the outcome. In the field of quality management, this context 
has variously been studied in terms of national or corporate cultures or attitudes and much 
has been made of the differences between Japan and the U.S. The question most often 
encountered in this respect is whether a firm attempting to develop an improvement strategy 
based on quality management must essentially become Japanese in order to succeed. 
Garvin (1986) suggests that the Japanese success may be more a function of management 
practices and priorities than national or cultural traits. Ryuzaburo Kaku, the president of 
Canon, agrees (quoted in Japan Management Association, 1987, p.xix): 
"Management - rather than national or cultural environment - is the principal factor in 
ensuring mcient, high-quality production." 
Thus, it appears unnecessary to become Japanese, but it is most certainly necessary to 
become something else, and frequently something radically different, than what the firm is 
at present. As pointed out by Bushe (1988), there are several reasons for this. Bushe 
studied the adoption of statistical process control (SPC) in a U.S. auto plant and concluded 
that there were three cultural themes which impeded the implementation of innovations; 
learning versus performing, the meaning of information, and holism versus segmentalism. 
Bushe observed that U.S. factories tend to be organized to maximize performance at the 
expense of change, adaptation and learning. Since all innovation requires learning, 
innovation not surprisingly runs into cultural impediments to change (i.e., the performance 
or outcome oriented norms). The lesson from the SPC case, Bushe concluded, is that 
learning must be as highly valued as performing for the innovation to be successful. 
On the issue of information, Bushe found that the public, or posted, information in 
factories tended to be performance related and thus not very useful for solving problems, 
whereas SPC provided public information focusing directly on problems thereby making 
the information more relevant for problem solving. Furthermore, the status of the sender 
(of the information) was found to be important, because a low status sender would tend not 
to be believed if his or her views contradicted those of the high status receiver. Stated 
differently, the problem is that while SPC gives powerful information to low status 
members in the organization, it must be listened to to be useful (Bushe, 1988). 
The theme holism versus segmentalism contrasts the traditional organization with its 
tendency to functional (over) specialization and compartmentalization of problems, 
information and problem solving with the more open and barrier free organizational . 
environment required for successful application of SPC with its emphasis on sharing of 
information and involvement of personnel across organizational boundaries, and its high 
regard for the importance of interdependencies (Bushe, 1988). The practical problems 
arise as a consequence of the segmentation of "learners" and "fixers" which all too easily 
results in finger pointing exercises where one party identifies ersors or defects and the other 
party becomes entrenched with only two choices; defend or admit defeat (Bushe, 1988). 
Judson (1991, p.100) suggests that there are but two basic strategies to deal with resistance 
to change; one is to apply pressure to overcome the resistance directly, while the other is to 
reduce the forces causing the resistance. Overcoming resistance, however, be it through 
coercion, compulsion or other uses of authority, is seldom effective (Judson, 1990, p.78) 
and Judson claims that the better strategy is to focus on reducing or eliminating the 
influence of the underlying causes of the resistance. These causes involve basic attitudes to 
change and Judson identifies eight factors influencing these attitudes. The first four are in 
Judson's opinion beyond managements' ability to influence (at least in the short term); 1) 
the fundamental, predisposed apprehensiveness about any change; 2) the sense of personal 
security; 3) the extent of trust in management, the union and the work group; and 4) the 
intensity of the inherent threat of a specific change. The remaining four, which 
management can influence to varying degrees are: 5) any prevailing cultural beliefs and 
behavioral nosms which might conflict with change; 6) historical events relevant to the 
change (i.e., prejudicial against or in favour of the change); 7) specific apprehensions and 
expectations (unanswered or confirmed) about a particular change; and 8) feelings about 
(i.e., satisfaction or irritation with) the manner in which a change is introduced and 
implemented. 
Judson (1991, p.78) advices that management should focus on situational and 
environmental factors (i.e., the context) rather than on deeply personal and fundamental 
feelings about change, security and trust. To achieve this, he suggests eight contextual 
levers to influence resistance (Judson, 199 1, pp.78-98): 
1) compulsion and the use of authority to overcome resistance (seldom 
effective and not recommended); 
2) persuasion (e.g., that the change is "good"); 
3) security (i.e., dispel fears); 
4) understanding (i.e., evelyone should understand why and how the change 
is occu1-ring); 
5 )  time (i.e., allow sufficient time between announcement and implementation 
and keep implementation time short); 
6) involvement (i.e., participation of personnel in the change process from 
planning through implementation and evaluation); 
7) criticism (i.e., avoid blame, implications of fault or finger pointing, use 
constructive criticism); and 
8) flexibility (i.e., adaptive implementation, commitment to goals without 
precomrnitment to a specific cousse of action). 
These eight levers should be used as guidelines for taking management through the five 
phases of change implementation (Judson, 199 1, pp. 166- 167): 1) analyzing and planning 
the change; 2) communication about the change; 3) gaining acceptance of the required 
changes in behaviour; 4) making the initial transition from the status quo to the new 
situation; and 5) consolidating the new conditions and continuing to follow up in order to 
institutionalize the change. Successful application of this approach to change 
implementation should aid greatly in the organization's smooth transition through the five 
stages of coping with change (Carnall, 1990, p.141-146): 1) denial of any problems; 2) 
defence of current position, assumptions, values, attitudes, procedures or behavior; 3) 
discarding of old ways; 4) adaptation to new way, values, attitudes, assumptions etc.; and 
5) internalization of the new ways. 
From the above, it is evident that in order to be successful, implementation must address 
skills, operating procedures, training and the context (i.e., organizational environment), 
which Fukuda (1983) has structured in a three part format under the headings (a) create a 
favourable environment, (b) develop a reliable method, and (c) keep everyone practiced in 
the method. This is also the format which will be followed in the remainder of this chapter. 
Create a favourable environment. 
The general advice from the experts in the field is that top management must show 
unflagging commitment tto create an environment conducive to continuous, systematic 
quality improvement and elimination of waste. Deming, in his 14 point program, states 
that top management must adopt the new philosophy, create constancy of purpose by 
putting the focus on quality rather than on short term profits, and institute leadership 
through a customer orientation and by breaking down interorganizational barriers, driving 
out fear and eliminating slogans or exhortations (Deming, 1986 pp.23-24). Fukuda (1983, 
p.4) insists that the goals must be communicated with an emphasis on the benefits to all the 
involved parties. In order to gain the necessary respect for the company's goals and 
programs, management must back its words with action and this requires a workable 
management control system. 
The management control system. 
The model shown in Figure 5.1 which has been proven in practice, particularly in Japan, is 
variously called the management circle, the control circle, the Deming wheel or the Deming 
circle. In its original form it was based on the three elements "plan-do-check" (PDC) 
(Shingo, 1988, p.227). Ishikawa (1985, p.59) shows the model in the form plan-do- 
check-action (PDCA) with two subdivisions for both the plan- and the do-functions. The 
management circle obviously integrates planning, execution, monitoring and corrective 
action, but Shingo has criticized the standard PDCA-model for not explicitly showing a 
control function for the continuous control of operations (i.e., execution) (Shingo, 1988 
p.228). As Shingo points out, the PDCA-model is a model for management, but 
execution (which is in the model) is not a managerial task - it is typically carried out at the 
operational level - while control (which is not in the model) definitely is a managerial task. 
In fact, control may be seen as relevant to all functions including planning, checking, and 
taking corrective action. 
In order to show the control aspect explicitly, it (i.e., "control") has been included in 
Figure 5.1 as surrounding the plan-do-check-action circle. In its present general form, the 
PDCCA-model is applicable to most managerial problems, but it is also effective for 
carrying out improvements at the operational level. This is often illustrated by showing a 
"wheel within a wheel" and by stating that improvements are realized by continuously 
"spinning the wheel". 
Figure 5.1 The management circle' or PDCCA-model. 
L 
(observe operational 
methods, regulate 
execution) 
Sources: Adapted from 1) Ishikawa (1985, p.59); 2) Shingo (1988, p.300) 
Employee involvement and suggestion systems. 
In order to tap into the knowledge and skills of the employees in a constructive manner, 
companies in Japan have found employee suggestion systems to be of immense value. In 
the long run, suggestion systems function best when combined with small group activities 
and it has been found that suggestions from individuals are mostly concerned with morale 
boosting or educational activities while the most prevalent economic impacts are from 
suggestions coming from groups (Imai, 1986, p.113). However, the purpose of a 
suggestion system is not merely economic gains, but to increase interest and involvement in 
the work effort and promote "harmony and cooperation among workers" (Japan 
Management Association, 1987, p.89). 
The suggestion system is thus an important part of the overall effort to create a favourable 
environment. Irnai has stated that, based on the experience in Japan, the development of 
successful suggestion systems goes through three stages (Imai, 1986, p. 113). In stage 
one, it is most important that management make every effort to help the employees provide 
suggestions, no matter how mundane. In stage two, the emphasis should be on education 
so that the employees may provide better suggestions from improved abilities to analyze 
problems and the work environment. Stage three is reached after the employees have 
developed an interest in improvements and have been educated to the task. Only at this 
level should management begin to focus explicitly on the direct economic impacts of the 
suggestions. 
The implementation of a suggestion system need not be very formal or complicated. 
Initially, any suggestion will do. The important thing is that all suggestions be recognized 
(Japan Management Association, 1987, p.93) and that action be taken quickly. Imai has 
stated that authorizing first line supervisors to review and implement suggestions generally 
improves the productivity of the system (Imai, 1986, p. 113). From the discussion in 
chapter 4 on the nature of processes, operations, common causes and special causes, it is 
clear that not all problems can be dealt with at the supervisory level. Thus, management 
must assume responsibility for resolving those problems which span hierarchical levels or 
functional areas. The lack of such consistent and persistent involvement of management 
has been the downfall of many suggestion systems or improvement programs (e.g., 
Bushe, 1988). 
The state of the workplace. 
A favourable environment is not only a function of the control system or the organizational 
design, but also of the physical state of the workplace. Much attention has been paid to this 
point in Japan where the 5 s  (or lately 6S, i.e., based on the Japanese terms which all start 
with an "S") system is widely used. This system, see Table 5.2, is essentially a set of rules 
for "good housekeeping" and stresses proper arrangement (of tools, equipment and 
materials), orderliness, cleanliness, cleanup, discipline and safety (Japan Management 
Association, 1987 p.78). 
The rules refer to the workplace in general, not just to the appearance or conduct of the 
workers, and may seem rather trivial in nature. However, the power of the system is 
evident from observations (like Shingo's) that just rearranging tools and parts to avoid 
workers reaching for them can increase productivity by as much as 15% (Shingo, 1988 
p.276). Canon's 5 s  program, for instance, resulted in a change in consciousness among 
workers, reduced delays and wasted motion, and reduced accidents and equipment 
breakdowns (Japan Management Association, 1987, p.79). Hirano and Black (1988, 
p. 13) show a 5 s  program as a predecessor to all other improvement programs and program 
implementation is outlined in terms of a "red tag campaign". The red tags (actually, red 
bordered standard sized paper) are used to mark accumulating waste in plants (Hirano and 
Black, 1988, p.32). The system is used for all inventories (materials, parts, work-in- 
process, finished goods), equipment (machines, tools, dollies, hand-trucks, carts, pallets, 
jigs, furniture and fixtures), and space (floors, aisles, shelves and warehouses). The tags 
classify the items as shown in Figure 5.2 which helps to clarify what the items are, what 
they are used (or not used) for and what is the appropriate action. 
Table 5.2 The 6 Good Housekeeping Rules. 
I 
Proper arrangement: 
(Sort out unnecessary items) 
Sort through, then sort out; keep what is needed, discard the rest. 
Clearly outline passageways and work areas; arrange hoses and 
power cords properly. 
Orderliness: 
(A place for everything and 
everything in its place) 
Set things in order; assign a separate location for all essential items 
(e.g., tools, parts, materials, shelves, carts, tables, cleaning 
implements), make the space self-explanatory and put everything 
back after use. Fasten down anything that should be immovable. 
Cleanliness: 
(Prevent problems by keeping 
things clean) 
Clean clothing, machinery, equipment, tools, fixtures, drains, trash 
cans and the workplace; keep everything spotless at all times. 
Maintain adequate exhaust and ventilation. 
Cleanup: 
(After work maintenance and 
cleanup) 
Maintain equipment and tools; keep the workplace clean. Make a 
schedule and follow it. 
Discipline: 
(Maintaining good habits) 
Safety: 
(Preventing problems by 
making the workplace safe) 
Stick to the rules at all times; make them (the rules) a habit. 
Identify and remove hazards and/or install warning devices; supply 
safety equipment and use it; make its use a habit. 
Sources: Adapted from Hirano and Black (1988, p.28) and Japan Management Association (1987, p.80 
I U 1 3 Work-in-process 
Classification: I l Machines 1 4 Pallets 1 
Figure 5.2 Sample Red Tag Layout. 
RED TAG ACTION: 
Classification: 
Inventories 
Equipment 
Classification: 
1 Proper arrangement 
2 Orderliness 
3 Cleanliness 
1 Raw materials, supplies 
2 Parts 
Space 
Classification: 
Other 
NamePescription 
I I 
Date 
4 Cleanup 
5 Discipline 
6 Safety 
4 Finished goods 
5 Products needing rework 
2 Jigs and tools 
3 Dollies, hand-trucks, carts 
1 Floors 
Part- or Identification 
number 
Quantity 
Reasons 
Responsibility 
Source: Adapted from Hirano and Black (1988, ~ . 3 3 )  
5 Furniture 
6 Fixtures 
3 Shelves 
2 Aisles 
1 Forms 
2 Documents 
Develop a reliable method. 
4 Warehouses, storage places 
3 Other (specify) 
1 Unnecessary 
A reliable method in this context refers not merely to a way to do work, but to a method for 
problem analysis, waste identification, development of reliable ways to do work and 
implementation of improvements. A reliable way to do work is the result of a successful 
blend of all these elements. 
Problem analysis. 
Department Section 
2 Defective 
Problem analysis involves identification of the relevant problems (effects) and a search for 
the relevant causes. A simple and proven technique to accomplish this, is the cause and 
effect diagram (CED) which is also known as a fishbone- or Ishikawa-diagram. A more 
recent development of the basic CED, called CEDACB (cause and effect diagram with the 
3 Not urgent 
addition of cards) (Fukuda, 1989), won R. Fukuda the Deming Literature Prize (Fukuda, 
1983, p.xvi). The basic CED model is used to identify the relevant problems which are 
listed on separate diagrams. For each problem (or effect), possible causes are then listed 
and grouped. The most commonly used groups are the 5M's2; man, machine, material, 
method and measurement (Japan Management Association, 1987, p.61). Imai has shown a 
list (excluding measurement) of questions which are useful as prompts (Imai, 1986, 
pp.237-238). Figure 5.3 shows the CED framework which can be easily adapted to any 
situation, firm or industry. 
In conjunction with the CED, it is also useful to apply simple prompting devices like 
Shingo's (1987) five elements of production (object/what; agentlwho; methodhow; 
spacelwhere; time/when) or Ohno's (1988, p.123) "5W=lH" or "asking why five times 
(what, where, when, who, why) yields the crucial how." Shingo (1987) further suggests 
searching for relevant relationships by considering not only a direct cause and effect 
relationships, but also the relationships of opposition (does anything oppose the effect), 
similarity (is anything similar to it) and proximity (does anything always occur or appear in 
conjunction with it). 
The CED is a simple yet powerful tool which is easily learned and ideally suited for use in 
conjunction with an employee suggestion system. It can be carried beyond functional 
boundaries and thus serves as a convenient information collector and organizer. 
Feigenbaum (1983, p.59) has suggested nine groups (the 9M's); markets, money, management, men, 
motivation, materials, machines and mechanization, modern information systems/methods and mounting 
product requirements. 
Figure 5.3 Cause and Effect D
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Waste identification. 
Identification of waste requires an understanding of the production process and the waste 
categories as outlined in Table 4.1 above. Appendix C describes a model of the farmed 
salmon production cycle. The major waste categories identifiable from that model are 
waste from mortalities, waste from early maturation of stocks, waste from small weights or 
uneven weight distributions of the harvested fish, waste from downgraded fish and waste 
from processing losses (i.e., yield reductions). The price and cost elements are indirect 
indicators of waste, but should not be targeted as separate waste categories because, as 
quality improves through the gradual elimination of waste, improvements in costs and 
prices (to a less predictable extent) will follow. 
Another category not included specifically in the model in Appendix C is inventory control, 
or in the terminology of Table 4.1, waste from over- or underproduction. The issue here is 
the initial smolt count, which typically is not exact since it frequently varies +10% with 
much higher variation reported (L'Aventure, 1987). Due to the reluctance to grade and sort 
the fish except when absolutely necessary (because of the costs and the negative impact of 
stress on the fish (e.g., L'Aventure, 1987)), an inaccurate smolt count can affect operations 
for a significant period of time. A 10% overcount essentially means that all fish are put on 
a reduced diet, assuming that they are fed a ration based on a percentage of body weight 
and the ordered (i.e., estimated) quantity of smolts. This would tend to reduce growth. 
Similarly, a 10% undercount means overfeeding of the fish. If the ration was calculated for 
maximum growth, then 10% of the feed is wasted. If the ration was set for optimum 
growth, an increase in the diet may put the fish on or near the maximum growth path. 
Either way, costs go up and the growth of the fish will deviate from the plan. In more 
general terms, experience has shown that the cost of waste can be categorized as shown in 
Table 5.3 below. 
The cause and effect diagram is useful in waste identification and should be applied to each 
effect (variable, problem or defect) identified within the waste categories. An overlap of 
causes within and between effects can be expected and the gradual elimination of many 
small causes will reduce the random variation in the production system. This is an 
important step to achieve a stable system. Only when the system has been stabilized can 
work proceed to synchronize the various subprocesses and operations with the eventual 
aim of simplifying the whole process (Eikeri, 1989, p. 18). 
Table 5.3 The Cost of Waste. 
Category Cost proportion 
~enerall: 15-40% of manufacturing costs is 
typically for waste embedded in 
the product(s) 
Cost breakdown2: 
Internal failure (scrap, rework, retest, downtime, yield 25-40% (i.e., of total cost of waste) 
losses, disposition of marginal product) 
External failure (complaint adjustment, returned material, 20-40% 
warranty charges, allowances) 
Appraisal (incoming material inspection, inspection and 10-50% 
test, maintaining accuracy of test equipment, materials 
and services consumed, evaluation of stocks) 
Prevention (quality planning, new product review, 5 5 %  
training, process control, quality data acquisition and 
analysis, quality reporting, improvement projects) 
Sources: (1) Feigenbaum (1977), (2) Juran and Gryna (1980, pp.14-16,23) 
The effects of small improvements are often overlooked or underestimated. In order to 
illustrate this, a simulation was performed to test the effect of a 1% improvement, without 
regard for interactions, in the various waste categories (see Appendix C for a description). 
The results, shown in Table C.2, clearly show that even small changes can be important, 
especially if they are the results of low- or no-cost efforts. It is easy to see from the table 
how a dynamic environment with the capability of continuous systematic improvement (and 
rapid change implementation) can be expected to experience significant cost reductions. 
Improving operations. 
Operations should only be tackled after the system and processes have been considered. 
The cause and effect diagram can be used to improve operations, but there is one particular 
technique which has been used with great success, called the SMED method. SMED 
stands for single-digit minute exchange of die (i.e., changeover in less than 10 minutes) 
and was developed by Shigeo Shingo (e.g., see Shingo, 1985). Initially it was a method 
to reduce setup times or changeover of tools and machinery, but it has since been utilized 
for many other purposes3. SMED is based on the observation that a setup problem 
involves two aspects; internal setup and external setup (Shingo, 1988, p.364). Internal 
setup covers those activities which can only be performed after the machine (or process or 
operation) has been stopped. External setup refers to those activities that can be performed 
while the machine is running (e.g., planning, preparation, clean-up). The first step is thus 
to separate internal from external setup; the second step is to convert internal setup to 
external; and the third step is to improve and simplify each elemental operation of internal 
and external setup (Shingo, 1988, p. 368). The effects of SMED are generally dramatic; 
Shingo states that a 30-50% reduction in the setup time can be achieved just by separating 
internal from external setup procedures (Shingo, 1985, p.29) and a U.S. consultant is so 
confident that he guarantees his customers a 75% reduction without major expense if the 
SMED procedures are followed (Hay, 1988, p.54)4. 
The author has personally used SMED to reduce cycle-time in planning and execution of audit 
engagements and production of reports and letters (i.e., client communication). 
A later development of SMED is called OTED, or one touch exchange of die where the target is 
changeover in less than one minute (Shingo, 1985, p.258). 
There are a number of opportunities for using SMED on a salmon farm such as pen 
construction (e.g., assembly, disassembly), smolt introduction, net changes and cleaning, 
sorting, grading, splitting of pens, harvesting, feeding, mort removal and disposal, 
vaccination or application of medication, environmental monitoring and sampling (e.g., of 
stocks or water). The method is simple and easy to learn and apply, and the effects are 
usually immediate. It is a great confidence builder and leaves ample room for the 
expression of individual creativity. 
Keep everyone practiced in the method. 
In the words of the Japan Management Association, all inquiries into the causes of waste 
eventually lead to people and only when everyone understands their work can this obstacle 
be overcome (Japan Management Association, 1987, p.57). "Understanding one's work" 
involves possession of general skills and knowledge as well as familiarity with specific job 
related methods and procedures. The development of these skills requires an on-going 
program for education, self-improvement and on-the-job training (Deming, 1986; 
Ishikawa, 1985). The hidden wastes (see Table 4.1 above) and the 5M's (i.e., CED - see 
Figure 5.3 above) are universal tools which should be known to all (Japan Management 
Association, 1987, p.6 1). 
Problems may in some cases be due to a fundamental lack of a reliable method. In other 
cases a method may have been developed, but it is either not known or not practiced by the 
relevant personnel. Obviously, the appropriate corrective action will differ for each of 
these cases. Fukuda has presented a simple model (see Figure 5.4) called "Meiden's 
Window" (Fukuda, 1983, p. 168) which is generally applicable to most problem analysis 
situations. It starts with the definition of two relevant parties to a problem (or cause, waste 
or defect) and proceeds to assign the problem to a cell. The cells define four main 
categories or groups. Group one is the ideal situation where a reliable method is known 
and practiced by all. In group two, the method is known, but one or both parties fail to 
practice it. In group three, one party does not know the method while the other party may 
or may not be practicing it, and in group four, neither party knows the method (either 
because it has not been developed yet or has not been taught to the respective parties). 
Figure 5.4 Meiden's Window. 
Source: Adapted from Fukuda (1983, p. 168) 
Fukuda reports that the classification of one year's worth of defects for one company 
showed that the ratio among groups 2 ,3  and 4 were 50%, 25% and 25% respectively 
(Fukuda, 1983, p.169). While individual salmon farms may find a very different split, 
these numbers suggest that many, if not most, problems may be solved simply by training, 
retraining or enforcement of use of reliable methods already known to the firm rather than 
the more arduous task of actually developing new and reliable methods. 
The philosophy behind Meiden's Window is that the film can learn from errors; that 
"workers can best learn to improve quality and productivity by studying theis mistakes and 
systematically practicing a method for correcting them" (Fukuda, 1983, p. 141). A system 
called OET (on error training) has been developed for this purpose. OET is based on four 
principles: basic knowledge; concern; communication of information about defects and 
development of effective countermeasures; and adherence to established measures (see 
Table 5.4). 
The application of OET is guided by five rules; the quickly rule, the actually rule, the 
himselflherself rule, the don't speak rule and the support rule (see Table 5.5) (Fukuda, 
1983, p. 145). Calling a meeting every time something goes wrong may seem excessive 
and inefficient to the traditional western way of thinking, but Fukuda reports that even in 
the initial stages of an OET program, one company who worried about this, found that no 
more than 3% of the time was spent on OET and this subsequently fell to .6% (Fukuda, 
1983, p.148). This cost must be compared to the effects and Fukuda states that the plant 
that developed OET first realized a 213 reduction in losses from defects as a result of using 
and acting on cause and effect diagrams and then proceeded to achieve a further 215 
reduction as a result of the OET program (Fukuda, 1983, p. 143). 
Table 5.4 OET Princi~les 
Principle Description 
Basic knowledge 
Concern 
Understand defects and learn about countermeasures. 
Rotate jobs so that people can show concern about 
defects in other areas. 
Communication of information about defects and Transmit information on defects and 
development of effective countermeasures (CED countermeasures promptly and accurately. 
and OET) Give all people concerned complete information. 
Develop workable measures from all the people's 
ideas and experiences. 
Adherence to established measures Use measures that can actually be put into practice. 
Provide environment that facilitates adherence to 
measures. 
Source: Fukuda (1983, p. 146) 
Table 5.5 OET Rules 
Rules Description 
The quickly rule The person who caused the defect (or error) calls a meeting of the 
work group within 30 minutes; meeting to last no more than 30 
minutes. 
The actually rule The person who caused the defect steps through his actions exactly as 
performed when the defect occurred. Causes and countermeasures 
are discussed at this point. 
The himselfherself rule The person who caused the defect, and no-one else, should explain it 
to others. 
The don't speak rule Managers, supervisors, foremen or group leaders are not permitted to 
speak first; other people should be encouraged to speak first else 
they be intimidated or inhibited from thinking for themselves and 
speaking their minds. 
The support rule Managers, supervisors, foremen or group leaders are only allowed to 
speak at the final stage of the meeting where they are expected to 
support group activities behind the scene. 
Source: Fukuda (1983, p. 145) 
Summary. 
The most relevant methods and techniques to create a favourable environment for quality 
improvement are the management circle (plan-do-control-check-action), the employee 
suggestion system, and the 6 "good housekeeping rules" (i.e., proper arrangement, 
orderliness, cleanliness, clean up, discipline and safety). In the development of reliable 
methods, it is convenient to use cause and effect diagrams, classification of waste 
categories and SMED (i.e., single digit minute exchange of die; a method for improving 
operations). Keeping everyone practiced in the reliable methods, requires use of Meiden's 
Window to determine whether quality problems are due to lack of a method or lack of 
training in the method, and an OET (i.e., on error training) program to ensure that requisite 
training takes place when ever called for. 
The concepts presented in Chapter 4 and the methods and techniques of Chapter 5 form a 
coherent foundation for a simple and inexpensive approach to implementing total quality 
management which takes into consideration both internal and external factors of importance 
to the production system. The next step will be to put these various elements together in a 
program for implementation, the subject of Chapter 6. 
6. A Proaram for Continuous Svstematic Improvement. 
Introduction. 
Implementation of total quality management at the salmon farm level requires an 
understanding of the most pressing quality problems and a coherent way to apply the 
central concepts, methods and techniques of quality management. Even though some 
problems may be outside the influence of any one farm, there is still more than sufficient 
scope for improvement at the farm level. This chapter explores in more detail the practical 
applications of total quality management. 
The feasibility of improvements. 
A number of possibilities for improvement have been identified to this point with an 
estimate of potential net benefits from small changes shown in Appendix C, Table C.2. 
This raises the question of feasibility and whether such improvements, however small, can 
realistically be attained. To answer this it is necessary to separate the limits of the 
technology which are primarily identified in laboratories, and the limits of current practice 
which may be seen as the results from "best practice" and industry averages. However, it 
is not sufficient to merely examine the averages. Knowledge about the underlying 
distribution (i.e., variability) of the results is also necessary. If the best farms consistently 
remain the best farms from year to year, then it seems logical to assume that some 
knowledge exists about the causes of variation and about how to control that variation. 
Farms performing below the average should thus potentially be able to improve their 
performance. This would move the industry average and narrow the distribution around 
that average. If, on the other hand, the best farms are different from one year to the next, 
there are indications that sufficient knowledge is lacking about the causes of variation, how 
to control the variation or both. In this context it is unlikely that under performing farms 
will be able to stabilize and improve their performance unless they also innovate on their 
own. 
Farm performance is significantly different from results obtained under laboratoiy 
conditions (not a unique condition in any industry) and it is probably fair to say that the 
industry is still too young to know definitively what the real technological limits are. The 
industry presently suffers from the malaise of the second category; causes of variation and 
how to control them are not understood, not practiced, or both. Even the best run farms 
experience significant, occasionally disastrous, variations in performance, and most, if not 
all, of the research priorities identified by Pennell(1987) are still relevant today. This list 
included fish mortality (disease, plankton, toxins, parasites and the effects of husbandry, 
treatment, nutrition, vaccines, genetics and diagnostics); fish nutrition (basic requirements, 
alternative food sources, special life stage diets, impact on human health and safety, flesh 
colouration, flesh firmness and shelflife); genetics and breeding (stock evaluation, species 
evaluation, sex control and maturation, genetic selection techniques, genetic engineering); 
farm equipment and methodologies (inventory control, smolt counting devices, predator 
control); and product quality (flesh firmness and processing/keeping characteristics, flesh 
colour, shelflife and impact of pre- and post-harvesting activities, drug clearance rates). 
All of the areas listed by Pennell are in need of improvement in one way or another, but it is 
important to realize that knowledge is not enough, it must be applied in actual practice in 
order to have an effect. To the extent that the communal body of knowledge is extensive (it 
is) and actual practice does not reflect all aspects of this knowledge (it does not), then it is 
fair to assume that continued efforts to put into practice what is known will bring results. 
The quality problems. 
The perceived quality of salmon was reviewed in Chapter 3 using a model which took into 
account factors important to consumers at the point of purchase and at the time of 
consumption as well as a number of other moderating factors which may have an influence 
on how consumers judge the quality of seafood. This model showed that while consumers 
were generally in agreement that fresh seafood tastes great and is healthy and nutritious, a 
significant number of consumers do not have good recipes for seafood, do not know how 
to cook it and are not knowledgeable about how to judge the quality of fresh seafood. 
Furthermore, consumers are concerned about food borne illness and require products to be 
safe. There are also indications that consumers resent having to assume responsibility for 
judging the quality (and thus safety) of seafood products more than is the case for other 
foods. 
These findings suggest that the there are mainly two sets of quality problems facing the 
salmon farming industry. The first set concerns consumer education about judging quality 
and cooking salmon. This can suitably be addressed through campaigns and programs 
implemented by, for example, associations of salmon farmers . The second set concerns 
an assured, reliable supply of demonstrably fresh salmon presented to the consumer in a 
fashion that makes it easy to determine that the product is fresh, safe and delicious. 
Although fresh salmon is a highly perishable product with a relatively short shelf-life, this 
shelf-life can be considerably extended through careful handling and maintenance of a low 
storage temperature (i.e., below 4•‹C) throughout the whole distribution chain. Since the 
product facing the consumer at the point of sale is a result of the actions of all members of 
the distribution chain, each link in the distribution chain must do its part in order to assure 
high quality at the retail level, Superior quality begins at the farm and every country where 
salmon is farmed has standards on how to assure that consumers receive good products. 
These standards all contain sensible advice about pre-harvest activities such as feeding, 
medicating or starving the fish and harvesting, transporting and processing procedures for 
handling, chilling, anesthetizing, bleeding, gutting, cleaning and packaging the fish (e.g., 
B.C. Ministry of Agriculture and Fisheries and B.C. Salmon Farmers Association, 1988). 
The standards are generally based on research on how to maximize the freshness of farmed 
salmon and will, when followed, usually result in a superior product. Norway, and lately 
Scotland, enforce their standards vigorously. B.C., for instance, has only voluntary 
standards. The first obvious step in any improvement program must surely be to follow 
existing standards and recommended procedures. It must be understood, however, that 
first and foremost these standards protect the consumers from bad products by "inspecting 
them out". Following the standards may improve production somewhat, due to a change to 
better procedures, but this still leaves the farmer with the task of identifying and eliminating 
waste. Only grappling with the root causes of the quality problems will ultimately assure a 
consistent supply of high quality farmed salmon and the the standards are not particularly 
helpful in this respect. 
The model presented in Chapter 3 should be used to determine the perceived quality of 
salmon in terms of what cues and attributes are important at the point of purchase and at 
the point of consumption and how these cues and attributes influence the judgment of 
quality. This will be particularly useful to those firms contemplating the development of 
value-added products. When these relationships are known with greater certainty, it will be 
possible to determine more specifically the nature of the value-chain utilizing the value 
analysis framework (see Chapter 5). 
The presence of an empirically determined definition of the perceived quality of salmon is 
not critical to the implementation of a farm level improvement program. On a practical 
level, the product at the farm gate may be defined in relatively simple, yet concrete terms 
based on the inherent characteristics of the fish. As a first approximation this may be done 
by a qualitative description such as high weight, all top grade, minimal early maturation and 
mortalities, minimal processing loss and minimal distribution around the averages. 
Eventually, more quantitative standards should be developed for these and other quality 
factors. Classification of past and present farm output (including averages and variances) 
with the salmon production model (see Appendix D) will give the farmer an idea about the 
capabilities of his production system. By examining his performance results in relation to 
industry averages and variations, it will be possible to assess which areas are stable and 
which should receive priority for further analysis. Anything that prevents the farmer from 
achieving the quality goals is by definition waste, and quality improvements are thus a 
function of waste identification and subsequent elimination. The first step is to analyze in 
more depth what causes variable or uneven harvest weights, early maturation, mortalities, 
processing losses and so forth, secondly to classify farm output into the various expanded 
waste categories and finally to begin development of quantifiable standards and 
measurements. 
Identification of waste and the cause and effect diagram. 
The preferred technique to identify waste and who or what is responsible for it, is the cause 
and effect diagram (see Chapter 5). For each main waste category there may be a number 
of waste types which must be further analyzed. The number of contributors to waste may 
be quite large as the following examples indicate, but most farms will likely find that some 
are more important than others. 
Under the yield category, waste may occur in the form of filled digestive tract, high visceral 
fat content, overdeveloped liver or drip loss (tissue dehydration). Filled digestive tract, 
visceral fat and overdeveloped liver are the result of preharvesting activities such as 
starvation, feeding practices and feed composition, all of which are under managerial 
control. Processing losses may range from 8% (Atlantics) to 17% (chinook) (e.g., Egan 
and Wright, 1990, p. 12) with considerable variation within species (e.g., 12% to 17% for 
chinook) depending on the size and condition of the fish. Rackham (1990), for instance, 
reports higher losses for Atlantics than Egan and Wright. A 12% loss for a 2.14 kg 
chinook (B.C. average) is 257g and a 17% loss is 364g. Table C.2 shows that a lg  
reduction could be worth a net of $20,000 for a 75,000 smolt generation. In this case 107g 
would be worth some $2,000,000 net. 
The grade distribution is influenced by the actual condition of the fish and the grading 
standards which are typically focused on the internal and external appearance of the fish, 
odour and texture characteristics and harvesting and processing workmanship and 
procedures. The external surfaces are typically judged on such factors as colour, scale 
loss, body contour, fins, slime, eyes, gill appearance and gill odour, external surface 
texture, sexual maturity and cuts, scars or punctures. The internal (i.e., belly cavity) 
surfaces are typically judged on how well the fish is bled, flesh colour, gut condition (e.g., 
empty), belly wall thickness, bruising and hemorrhages, odour and flesh texture. Egan 
and Wright (1990) used 3% downgrades in their model which is unusually low as 20% or 
more is not unheard of in B.C. Since husbandry practices such as feeding, pre- and post- 
harvest handling as well as smolt characteristics (e.g., early maturation) influence the 
condition of the fish, the farmer should have a significant amount of control over the grade 
distribution. With a price reduction (in B.C.) of about 50% per kg for downgraded fish, it 
is clear that downgrades are extremely undesirable and any improvements will have 
significant effects (e.g., see Table C.2). 
The weight distribution (e.g., small weights, uneven weights, large variation) may be due 
to the genetic characteristics of the smolts, environmental conditions (e.g., water 
temperature), feeding practices and feed type, disease and timing of the harvest. The 
potential for improvement in the size of the fish is significant since the natural capabilities 
of all the three main species currently farmed far outstrip what is being achieved on the 
farms. Chinook for instance has reached 57 kg in the wild, coho 15 kg and Atlantics 36 kg 
(Pillay, 1990, p.424). In B.C., the average for the industry in 1989 was 2.14 kg for 
chinook and 4.1 kg for Atlantics (Price Waterhouse Management Consultants, 1991, 
p.19). The population size distribution is also significant, and to illustrate, Egan and 
Wright (1990, p.25A) shows the expected range for an average 2 kg chinook population to 
run from 1.4 kg to 3.2 kg while an average 4 kg Atlantic population would range from 2.7 
kg to 5.5 kg. Since prices differ for the various weight classes, weight increases are most 
significant when they put the fish into a higher weight category with a higher price. 
The population type is probably more a function of species and the genetic characteristics of 
the smolts than anything else although the impact on the farm may be affected by water 
temperature (as related to time of maturation) or sorting, grading and splitting of pens. 
Egan and Wright (1990, p.26) report the existence of stocks with known grilsing rates 
varying from 5% to 100% with the common B.C. rate of 30% (60% rumoured) considered 
"bad". Improvements in this area will clearly be dependent upon the availability of 
appropriate smolts from the hatcheries. 
Mortalities occur year round and have many causes such as failure of smolts to adapt to 
seawater, disease, algae blooms, predators, pollution, cannibalism, stress, injuries, 
starvation or malnutrition and fluctuations in water temperature, dissolved oxygen or 
salinity. Egan and Wright (1990, p.29) suggest that 30% mortality is a "reasonable 
expectation" for either Atlantics or Chinook in B C ,  but that 15% has been reported and 
that 15% is routinely achieved on Canada's east coast. In Scotland, for instance, the 
industry average has increased from 15.5 % in 1984 to 36.6% in 1988 (Salmon surplus - 
Special report, 1992, p.5) and is still hovering around 30% (Price Waterhouse 
Management Consultants, 1991, p.102). A significant potential (possibly a 50% 
reduction) for improvements in mortality rates is thus evident. Since dead fish do not bring . 
in any revenue, but rather represent a considerable disposal problem in addition to the lost 
production costs, any reduction in mortalities will have important financial effects. 
Most of the above examples of waste types (hardly an exhaustive list) are not at present 
associated with specific standards and may not even be measured or recorded by many 
farms. Where standards exist (e.g., grading standards), these are frequently qualitative and 
expressed in terms like "no bruises permitted" or "moderate number of small bruises 
permitted" (B.C. Ministry of Agriculture and Fisheries and B.C. Salmon Farmers' 
Association, 1988, p.2-3). 
On many farms, the most important causes of waste may be immediately evident, but the 
relationship of causes to the production system may not be. By successively completing 
cause and effect diagrams to further classify causes for the main effects into the five 
categories man, machine, method, measuement and materials these relationships should 
become clearer and solutions and improvements may be suggested that would not 
otherwise be contemplated. Consider for example shell loss. Hypothetically, this may be 
caused by careless handling by workers due to lack of training (man), use of knotted 
brailing nets rather than knotless ones (machine), use of brailing nets rather than a fish 
pump (method) or improper feed (material). A lack of a relevant and applied standard 
(measurement) may also contribute because the production system is insensitive to shell 
loss as an important quality factor. If gentler methods and more forgiving equipment were 
introduced, the shell loss should be reduced resulting in a better grade of fish. In addition, 
gentler handling might reduce stress resulting in lower activity of the fish and thus perhaps 
lower the depletion of glycogen. If it is true that the sweet taste of fish is due to the 
glycogen content, then reduction of shell loss might have the interesting side effect of 
improving the taste of the fish as well. This result is hardly intuitive, but demonstrates the 
importance of carrying the analysis through to the end product at all times because in some 
other cases the side effects may not be as benign as in this example. Although making 
cause and effect diagrams for every one of the waste types may seem excessive at first, it is 
clear that there will be considerable overlap between diagrams so that concentrating on the 
most important waste contributors first, will contribute towards the elimination of the more 
incidental ones as well. In addition, it should be remembered that no improvement is too 
small; every little change will contribute towards removing random variations in the 
production system. 
An employee suggestion system should be implemented in conjunction with the 
introduction of cause and effect diagrams. The cause and effect diagram (or diagrams) may 
serve as the primary suggestion collection tool, but it is not strictly necessary that all 
suggestions be written down or even formally submitted, as long as the suggestions are 
readily and frequently forthcoming, all suggestions are rapidly dealt with and 
improvements are implemented. Fukuda's very successful variation (i.e., CEDAC@, see 
Fukuda, 1989) uses large diagrams drawn on a suitable surface like a wall, a sheet of 
cardboard, plywood, donnaconna or some such material. The main problem (effect) under 
investigation is marked on the diagram and suggestions about causes are then collected 
either by writing directly on the diagram (which quickly becomes messy) or by use of cards 
pinned in place under the appropriate category. The suggestions may be marked up on the 
diagram by the person making the suggestion or by someone responsible for collecting 
suggestions from a drop off point. Either system will work. In practice, the suggestions 
will typically include both causes and solutions and some way to keep the two separate 
must be devised either by the use of different colours, different diagrams or different cards 
(Fukuda's choice). The most important thing is that the users come up with a version of 
the basic diagrammatic structure shown in Figure 5.3 with which they are comfortable. 
While there may be fair agreement about causes, there may be more diversity of opinions 
about possible solutions. Initially, the focus will naturally he on the more glaring 
"offenders" and a formal diagram may not be required. However, as the more obvious and 
accessible causes are eliminated, the remaining ones may become progressively more 
difficult to resolve. It is at this stage a fosmal procedure like the CED will become 
especially useful by visually linking and structuring a variety of causes, effects, interactions 
and solutions. 
Even though a considerable amount of prodding may be required in the initial stages to get 
things going, the difficulty will ultimately not be a lack of ideas, but rather how to cope 
with the deluge. The human mind can be quite prolific if the circumstances are right, as 
witnessed by this account from Shingo (1986, p. 157): 
"At one brainstorming session I asked participants to come up with 200 ideas concerning a 
manual task that took about l minute to perj5or-m. They first claimed that this was 
impossible. But I instructed them to separate clearly the idea formulation stage from critical 
evaluation and to voice no criticism whatsoever. The group of four workers actually came 
up with 5700 ideas." 
Analyzing processes and operations. 
The production process must be analyzed from the point of view of value and where value 
is added. The salmon farmer is properly paid for the white muscle cells (notwithstanding 
the flesh colouration and the "packaging" in the foim of skin, bones and so forth). Thus, 
only that which adds to the inventory of white muscle cells can really be considered to add 
value to the product and anything that reduces this value is by definition waste. Processes 
consist of storage, transport, delay, operation and inspection (see Chapter 4) and of these 
only operations add value. Therefore, the growout process can be seen as having only one 
operation; namely the laying down (accretion) of protein in the form of white muscle cells. 
In a sense, the salmon may be viewed as a biological machine which produces white 
muscle cells and biologists may indeed want to pursue ways to make this "machine" more 
efficient, but in the short term this is not something the farmer can do much about. For all 
intents and purposes, the salmon is a "black box" although the variation in the genetic 
characteristics of various stocks essentially means that not all black boxes are created equal. 
From the farmer's point of view, the production system may thus be seen as consisting of 
several sub-processes (e.g., feeding, mort removal, harvesting) which service the black 
boxes. Each sub-process should be evaluated in terms of its main objectives which 
requires a separate definition of what is the relevant operation for each sub-process. For 
instance, the objective of the feeding cycle may be seen as providing the right feed at the 
right time to the right fish in the right pen. The cycle may begin at the feed storage shed 
(storage) where the day's rations are picked out and moved to the pen (transportation). The 
feed bags wait by the pen (delay) until they are opened and poured into the water 
(operation). All the farmer does is to make the feed available to the fish; from that point on 
the rest is up to the fish (i.e., to ingest and metabolize the feed). From a practical point, the 
only value added activity in the feeding cycle is the physical administration of feed to the 
fish in the water (always assuming that what goes in the water is in fact eaten by the fish). 
At this point the feeding process essentially hands over control to the "black box" process. 
Other sub-processes should be analyzed in a similar manner while always concentrating on 
defining the main objective of the sub-process in relation to the main process, the critical 
value added operation and the boundaries of various sub-processes. 
Special causes and common causes. 
As the analysis of waste and processes progresses, an attempt should be made to categorize 
the causes of waste into special causes and common causes. Common causes are systems 
related (i.e., due to the inherent nature of the system itself) while special causes are 
essentially those which occur in a more isolated and random manner although they may be 
assignable to specific workers or events. However, many apparently special causes may in 
fact be common causes. Equipment breakdowns, for instance, are often attributed to 
special causes because the breakdown occurred unexpectedly. On the other hand, the 
absence of a preventive maintenance program may in itself increase the likelihood of 
suffering such "unexpected" equipment malfunctions throughout the year so that these 
problems become in effect systemic. (The system does not cany out preventive 
maintenance and therefore the system is responsible for otherwise preventable failures.) 
Common causes typically account for the majority of the problems and only the elimination 
of common causes will result in improvement of the system's inherent capability (i.e., 
through the removal of random variation). Elimination of special causes at best restores a 
system to its stable level of performance. 
Improving processes and operations. 
The improvement of processes should focus first on stabilizing the process, then on 
synchronizing the various sub-processes and finally on the simplification of activities. In 
the stabilization stage the main objective is to understand the capability and inherent 
variability of the production system. The synchronization stage involves rearrangement or 
rescheduling of sub-processes and activities (i.e., storage, transportation, delay, operation 
and inspection) within sub-processes to improve the flow through the system. Once 
synchronization has been addressed, work may proceed to simplify the activities within the 
sub-processes. 
Because process improvements may lead to substantial rearrangements of activity 
sequences so that some activities or operations may become entirely supeifluous, 
simplification of activities should not be attempted before first addressing stabilization and 
synchronization. 
The main technique for simplification of activities is the SMED method (see Chapter 5) 
which, technically, is designed for achieving improvements in operations. However, as 
was shown in the feeding example above, what is a transportation activity in one context 
(e.g., the main process) may be an operation in another (e.g., the sub-process) and 
consequently there is no reason why SMED cannot be used for any activity where people 
are involved. 
There are a number of opportunities on a farm for using SMED and one of these is net 
changes. A net change is similar to the die (or tool) changing problem in traditional 
manufacturing. Typically the time and costs involved in die changes are mitigated by 
adjusting the batch sizes or time between changes so that the impact on the per unit costs 
are minimized. Shingo (1985) found that if the die changing time could be halved, the 
batch size or time between changes could also be halved with a resultant halving of average 
inventories without any increase in total costs. Net changes do not influence average 
inventories, but they are costly, messy and disruptive to the production process so that they 
are carried out infrequently. The main reason for changing nets is the accumulation of 
marine organisms growing on the nets which impedes water circulation and threatens the 
growth environment of the fish. Because the growth of these undesirable marine 
organisms is seasonal, it may not be practical or even desirable to increase the frequency of 
net changes even though the costs of such changes could be reduced. In this case the need 
to avoid disruptions is probably the major concern so that the objective would be to reduce 
the disruption of the production system and simply pocket any cost savings. 
The key to successful application of SMED is to define the boundaries of the operation (or 
other main activity) and to become aware of the various activities within the operation such 
as set-up or preparation, main operation, incidental operations, personal (hygiene, fatigue) 
allowances, work-place allowances and clean up. However, before proceeding further 
with the analysis, it may be useful at that point to establish if everyone knows what to do or 
if training is required. (E.g., use Meiden's Window, see Chapter 5.) 
The application of SMED normally progresses through several stages. The first stage 
involves the definition of the relevant change-over time period and the separation of the 
activities which are required while the process has stopped (internal change-over) from 
those activities which can be performed while the process is operating normally. Net 
changes may disrupt this process by for instance suspending the feeding process for the 
duration of the changing procedures @erhaps even for a starvation period prior to the 
change) and by inducing stress in the fish which may increase the incidence of disease or 
retard the subsequent resumption of feeding by the fish. The period for internal change- 
over can thus be defined as the time from suspension of feeding or start of stress inducing 
activities (whichever comes first) to either resumption of feeding by the fish or cessation of 
stress inducing activities (whichever occurs last). Shingo (1985) recommends making a 
check list for all necessary parts, tools and other equipment and the procedural steps of the 
change-over process itself. Such a list should then be consulted prior to all subsequent net 
changes. In addition, function checks should be pelfolmed of all parts, tools and 
equipment prior to beginning the changeover. This will also help determine the need for 
any future preventive maintenance activities. 
It may also be beneficial at this time to assess the state of the work place with the 6 "Good 
Housekeeping Rules" as a guideline (i.e., proper arrangement, orderliness, cleanliness, 
cleanup, discipline and safety; see Chapter 5). Often workers spend a considerable amount 
of time searching for tools and equipment so that simply finding a place for everything and 
keeping everything in its place can be quite effective. For instance, feed bags may require a 
knife for opening and mechanical feeders may require special tools for opening or 
servicing. The workers responsible for these tasks should either carry these tools or the 
tools should be permanently mounted at the respective work stations (a modest investment 
even if a knife, wrench or screw driver is required at each pen). 
The next stage concentrates on converting internal to external change-over. This is 
typically achieved by searching for ways to prepare operating conditions in advance such as 
laying out tools and parts (e.g., nets, ropes, floats) and preparing machinery (e.g., boats, 
cranes, winches). Another important task is function standardization. This involves the 
analysis of each part (or tool or equipment), element by element, and standardizing and 
replacing only those parts whose functions are necessary from the standpoint of the 
change-over procedures (Shingo, 1985, p.42-43). For instance, it may be useful for all 
nets to have similar attachment points for the crane (a functional standardization) which can 
probably be achieved without actually replacing all nets with one, standard type (a much 
more expensive standardization alternative). 
In the final stage, the farm can begin to streamline all aspects of the change-over operation. 
During the first two stages, improvements are made using simple and immediately available 
means. The next level of improvements may require a more long term outlook involving 
the assessment of suitable strategic investments like replacements with particular types of 
nets, structural modifications of cages, work platforms, moorings or anchoring systems 
and modifications to various parts, tools and machines. For internal change-over, Shingo 
(1985) recommends consideration of parallel operations (e.g., multiple teams), the use of 
functional clamps (e.g., "bayonetbb fittings rather than bolts), the elimination of adjustments 
(e.g., by using jigs or functional clamps), and mechanization of critical functions or 
activities. 
Net changes may take one person from perhaps 20 minutes to a full 8 hour day per pen 
depending upon the facilities and any prior improvement efforts. Consequently, the scope 
for improvement may v a y  as will the incentives for undertaking further work. Where no 
prior improvement efforts have been undertaken, general experience with SMED from 
other applications (e.g., see Chapter 5) indicate that a 50% to 75% time reduction can be 
expected. 
Supporting activities. 
Creating a favourable environment conducive to change and continuous improvement is a 
long term project which will grow out of successful implementation of improvement 
projects. Fundamentally, it is dependent on training and education to build core 
competencies and teach new methods and techniques as the organization becomes capable 
of using increasingly more sophisticated approaches for resolving progressively more 
complex problems. Specifically, everyone should learn the central concepts (importance of 
uniformity, processes an operations, waste, responsibilities for job functions, and common 
and special causes), the management circle (plan-do-control-check-action), cause and effect 
diagrams and the SMED method. 
The management control system need not be elaborate as long as it adheres to certain 
general principles such as those suggested by the management circle or PDCCA-model 
(Plan-Do-Control-Check-Action; see Chapter 5). Application of the management circle 
simply means to plan what is to be done, to do what has been decided, to control what is 
being done, to check that what was done was in accordance to the plan, and to take 
appropriate action. Most importantly, guidance and corrections must be congruent with the 
overall goals of the organization. It is also helpful to use Meiden's Window to determine 
whether problems are due to a lack of a reliable method (i.e., unknown to either the firm or 
the industry) or merely to a lack of training. Part of the strength of a TQM program will 
come from the continuous sharing of information throughout the organization. An 
important part of the control function will be to bring concerns from one part of the system 
to the attention of other parts of the system in order to deal with problems caused by 
activities or events outside the control of the individual who experienced or identified the 
problem in the first place. An OET (on error training) program will be instrumental in 
facilitating the exchange of information , and ideas about causes of and solutions to waste 
and errors, particularly if the results of OET are brought forth directly to the relevant cause 
and effect diagrams. Adherence to the four principles of negotiation (separate people from 
the problem, focus on interests rather than positions, invent options for mutual gain, use 
objective criteria) will help achieve the necessary openness and willingness to take 
appropriate action. 
Progress must be checked regularly against the plans, budgets and long term goals of the 
organization, and it is vitally important that pe~formance be measured and evaluated relative 
to the goals of the organization and that people are rewarded in a manner consistent with 
their actions and how these actions affect performance. It is necessary that the evaluation 
system correctly interprets the results and the capabilities of the system. 
Commitment from the rest of the organization will only be forthcoming if top management 
demonstrates their own commitment through visible actions which demonstrably support 
the stated goals. More specifically, the role of management will be that of educator, mentor 
and facilitator, and management should concentrate on removing obstacles which prevent 
the production and delivery of top quality products. In many cases the different concerns 
of the head office and the remote farm site may be a source of conflict because a number of 
administrative decisions, such as scheduling of smolt arrivals and harvesting and purchases 
of smolts, feed and equipment, have important effects on the farm operations. Such 
conflicts can be avoided or at least ameliorated if all decisions are driven by the same goals 
at both the farm and administrative levels. Finally, management must be willing to make 
strategic investments which will enable the farm to improve its long term capabilities. 
A general program for farm improvement. 
No matter how exciting or promising a new idea may be, there is still the challenge of 
making it work. The literature contains a wealth of advice from reputable sources, offering 
both inspiration and food for further thought, on how to implement TQM and what pitfalls 
to look for. Table D. 1 in Appendix D shows a compilation of advice from the leading 
authorities referenced throughout this thesis. As a contrast to this table, 10 common pitfalls 
as expressed by J. Grayson, chairman and founder of the American Productivity & Quality 
Center, are shown in Table D.2. 
The specific approach taken here does not follow that of any one particular authority and 
the emphasis has been on developing a practical approach suitable for small organizations at 
low- or no-cost without presupposing any particular quality management related skills, 
prior improvement programs or need for off-site training and education. This program is 
not oriented towards providing specific advice on when, what or how often to feed, how 
to change and clean nets and so on. This program is intended to provide a methodology, a 
procedure for improving farm procedures and move beyond the limits of current practices. 
Table 6.1 shows the suggested improvement program which has been fashioned around the 
format of the PDCCA-model. All recommendations contained in the table should be well 
within the capabilities of any farm, large or small. While the table is presented in a linear 
format, actual implementation may include several activities running concurrently such as 
planning of the program, mapping of the chains and on-site training of personnel in the 
basic concepts, methods and techniques. 
The overall implementation of the program may be seen as progressing through four steps. 
The first step will be to commit to the three (super) goals of TQM and to convince the 
organization that management really supports this and is willing to take a f f i a t i ve  action in 
support of the program. The next step is then to start training the organization in the 
relevant concepts and techniques at an early stage and to guide various teams through pilot 
projects. Management's main responsibility in this phase is to nurture the organizational 
change process until each individual has adopted the new philosophy. Management must 
accept that all learning requires experimentation and that errors will occur. On the bright 
side, errors should be seen as golden opportunities for making progress. The third step 
will be to involve the whole organization in a company wide, coordinated improvement 
program. As the organization becomes more proficient in the application of TQM, the 
focus can gradually change to more stress on the direct economic impact of improvements. 
The fourth step will be to build adherence to the reliable methods and procedures developed 
to this point by making sure that they are known and practiced by all. 
Salmon farms may be in a better position than most firms to take advantage of TQM 
because they have relatively small production sites with few employees and little functional 
specialization (because everyone typically performs a variety of tasks). This means that the 
environment at the farm level is naturally conducive to small group problem solving and the 
Table 6.1 A Program for Continuous Systematic Improvement. 
Activity Description 
Commitment Adopt the new philosophy and the three superordinate goals uniformity around 
the target, continuous improvement and respect for human values. 
Make a commitment to change. 
Understand the key principles and techniques. 
m 
Understand the 
competitive 
environment. 
Define the perceived quality of salmon with first hand information. 
Undertake a value analysis and describe the value chain, the chain of 
customers, the chain of quality and the cold chain. 
Identify what each link expects or requires from the preceding link and who is 
responsible for what. 
Identify the company's strengths and weaknesses in satisfying the needs of the 
chains. 
Identify opportunities and the firm's resources and abilities to influence the 
chains and take advantage of the opportunities. 
Set external goals and targets and explore solutions by contacting external 
sources andlor forging strategic alliances. 
Understand the internal Translate the requirements of the chains to farmgate product quality 
production system. requirements (i.e., what is an ideal fish?). 
Complete the salmon production model with farm specific data and compare to 
the ideal production. 
For each of the categories yield, grade distribution, weight distribution, 
population type (i.e., salmon or jack/grilse) or mortalities identify 
possible sources of waste. 
Identify the company's strengths and weaknesses. 
Identify opportunities and the firm's resources and abilities to take advantage of 
the opportunities. 
Set internal goals and targets expressed in operationalized terms (i.e., be 
specific and make it measurable). 
Determine methods of Use Meiden's Window to distinguish between lack of a reliable method (inside 
reaching goals. or out of the company) and methods which are known but not practiced. 
For each waste, use cause and effect diagrams in conjunction with the 
employee suggestion system and small group activities as a visual data 
collection and display tool to analyze causes of waste and suggestions for 
improvements. 
Analyze waste and improvement suggestions in terms of the long term impact 
on quality and distinguish between processes and operations and common 
and special causes. Give priority to processes and common causes. 
Try to analyze problems as setup or change-over problems and use SMED 
where appropriate. 
h Continually build the competency of the organization through education and 
Education and training training in the key principles and techniques both on and off the job. 
Use OET to deal with errors as they occur and see errors as opportunities for 
learning and for reinforcing commitment to the new philosophy. 
Implement work Apply the management circle (PDCCA). 
Implement a 6S (i.e., good housekeeping) program, a waste identification 
program, an employee suggestion system and a small group problem 
solving program. 
Implement improvement suggestions, standardize operations and practice the 
reliable methods. 
Control Observe operational methods and regulate execution. 
Apply the principles of negotiation and Meiden's Window. 
Check 
Action 
Check for the effects of implementation on a regular and continuous basis. 
Compare results to plans, expectations, predictions or assumptions. 
Ensure that all areas of the company are in support of the same goals, with 
special emphasis on the accounting system, the reporting system and the 
reward system. 
Act promptly on improvement suggestions. 
Encourage participation in the employee suggestion system. 
Concentrate on removing all obstacles which prevent the production and 
delivery of top quality products. 
Make the necessary strategic investments. 
As resources are freed up, reinvest in further improvement activities. 
Share information and communicate all lessons learned throughout the 
company. 
Visibly and publicly provide top management support for the new philosophy, 
the goals, the targets and the key principles and techniques. 
Provide leadership. 
initial training program can be completed quickly. As a part of the implementation process, 
it is important that authority to implement improvement suggestions be delegated to the 
farm level. This requires active support from the headquarters. In many cases, the 
headquarters may be far removed from the farm site, but this is not a problem specific to 
salmon farming. With today's telecommunication facilities, distance should not matter 
overly much. 
Summary. 
In general terms, the implementation of total quality management in the salmon farming 
industry requires a concentration of efforts at several stages from the point of production to 
the point of consumption. In order to accomplish this, it is recommended that the industry: 
1. Assure the highest possible reserve quality at the farm gate. This is the 
direct responsibility of each individual farm and the area where the farmers have the 
most direct control. Since the quality (e.g., freshness) cannot be improved from 
this point, the reserve quality (i.e., "remaining freshness" before the fish becomes 
spoilt) must start high in order to remain high at the retail level. The existing 
industry standards on harvesting and processing farmed salmon are expressly 
intended to achieve a fresh product and should be followed by all farmers. 
Furthermore, improvements will come from identifying and eliminating waste in the 
form of mortalities, early maturation, low or uneven harvest weights, downgrades 
and processing losses. This can be achieved through an understanding of the 
relevant processes and operations and the effects of non-value added activities like 
storage, transport, delay and inspection. 
Assure the highest possible reserve quality from the processor. The 
processor has an important impact on the finished product because the farmer is 
paid by the weight of a dressed and graded fish, both of which actions are 
performed by the processor. To a large extent, the quality assurance of the industry 
is performed by the processors' grading which technically is only an inspection and 
sorting function. The Quality Management Program (QMP) currently being 
implemented in Canada, USA, Europe, Australia and New Zealand for processors 
of fresh seafood, will, if successful, be helpful in sensitizing the industry to the 
importance of quality and quality management. Ultimately, improvements at the 
processing level will require similar efforts to those at the farm level to identify and 
eliminate waste and to reduce the incidence of non-value added activities. 
3 .  Assure a reliable cold chain. The distribution system must assume 
responsibility for maintaining the high initial reserve quality. Waste identification 
and elimination will primarily be focused on the non-value added activities storage, 
transport, delay and inspection and anything which prevents a continuous low 
temperature of the fish in transit. 
4. Assure the highest possible quality at the point of purchase. With a 
stable product supply of a swed  high quality, it will be easier for retailers to 
provide consumers with attractive products as well. However, not all problems can 
be ascribed to an erratic supply of good product. Programs such as the QMP Retail 
program in Canada and the U.S., actively assist retailers to improve their seafood 
counters and should prepare the way for quality programs specifically initiated by 
the salmon farming industry. The retailer has a particular responsibility for the 
attractive display of the product, maintaining low temperatures in the display cases 
and supplying point of sale information about the products such as harvest time, 
freshness, recipes and preparation methods. 
These four goals progressively involve areas further and further away from the farm. Not 
only will individual farms have differing abilities to influence the various elements in the 
chains, but the various markets will differ as well. However, quality essentially starts on 
the farm and every farm must pay attention to improving its own production system. 
Succinctly, improvements at the farm level will be accomplished by creating a favourable 
environment for the development of reliable methods (or processes) capable of a) 
production of uniform quality around the target and b) continuous improvements while 
maintaining respect for human values. Furthermore, it will be necessary to keep the 
organization practiced in the methods which in turn will require continuous training of the 
whole work force. 
Whether a farm follows the above program in Table 6.1 or one from Table D. 1, there are 
no quick fixes, no short-cuts, and no free lunches. Improvements of the nature discussed 
here cannot be bought since they are the result of organizational change and continuous 
learning. Consequently, TQM represents a sustainable competitive advantage where the 
edge comes partly from being an early implementer and partly from excelling in the 
continued application of techniques and concepts through a sustained high level of rapidly 
implemented improvements. Once the program is underway, it becomes difficult for the 
competition to catch up even through innovations (i.e., revolutionary changes) since the 
firm with the highest rate of change implementation might reasonably be expected to stand 
the highest chance of coming up with those innovations themselves. 
The time frame for implementation and attainment of proficiency will vary with the size of 
the individual firm and the intensity of the effort. However, it is generally estimated that in 
most cases it will take some 10 years to become "world class" (Dale, Lascelles and 
Plunkett, 1990). Unlike the manufacturing industries, salmon farmers do not have any 
"super farms" to benchmark or model themselves after. There are no apparent Toyotas, 
Canons or Matsushitas of salmon farming and therein lies the challenge and the 
opportunity; to be first, to develop and to redefine the "good manufacturing practices" of 
salmon farming. The program outlined here should generate tangible benefits within a 
relatively short time frame, but is certainly insufficient to achieve world class status in and 
of itself. Rather, the program should be seen as the beginning of a longer journey. 
7. Conclusion. 
In 1965 the U.S. Consumer Reports (quoted in Gorga and Ronsivalli, 1988, p.89) 
suggested that: 
"One likely reason for this county's low consumption of seafoods - which was held at 10 
or l l pounds a year per person for more than a generation - is that most people seldom get 
to taste the sweet, delicate flavour of fresh caught fish. It's probable that this plentiful 
food, rich in proteins, vitamins, and minerals and relatively inexpensive, goes a-begging 
because, by the time it reaches the dinner table, it has usually attained an age and condition 
warranting its religious connotation as a penance food. " 
In a recent six month investigation of the seafood available in U.S. storesl, the Consumer 
Reports found that consumption is now at about 15.5 pounds a year per person and that 
"40% of the seafood sampled was of fair or poor quality with 30% being downright poor", 
50% was contaminated by bacteria from human or animal feces, some species were 
contaminated with PCB's and mercury, some retailers used deceptive selling practices 
(e.g., previously frozen fish labeled fresh) and one third of the sampled fish was 
mislabeled ("Is our fish fit to eat?', 1992, p.103). Evidently, little has changed in the 
intervening 27 years since the first report. 
It is in this unsavory environment that farmed salmon competes with other seafood, and it 
would seem eminently reasonable to expect that a conscientious effort to improve quality 
should be easily recognized in the market place. Gorga and Ronsivalli - reporting on 
previous efforts to improve quality of wild caught seafood - concluded that, despite 
The species sampled were salmon, flounder, sole, catfish, swordfish, lake whitefish, and clams in New 
York City and Chicago ("Is our fish fit to eat?", 1992, p. 104). 
exceptionally favourable results from improved quality at the retail level, the developments 
did not "take root" in the industry, mainly due to lack of planning, coordination and 
implementation of technological measures rather than deficiencies in the measures 
themselves (Gorga and Ronsivalli, 1988, p.200). Furthermore, it is clear that the wild 
fisheries face much greater challenges in supplying high quality raw material than salmon 
farmers who exercise a significantly greater control over their product. 
The need for a cooperative, coordinated effort within the salmon farming industry 
extending through to the retail level is obvious. The effects of improvement efforts solely 
at the farm level, will be less noticeable and predictable by the time the product reaches the 
retailer. Isolated programs also run the danger of incompatibility with the distribution 
chain. An example of this unhappy situation is found on the U.S. east coast where fish 
boxed at sea by entrepreneurial fishermen ran into problems with processors who were set 
up to receive bulk fish landings and consequently did not have facilities for receiving 
differently packaged products (Pollack, 1990). In this case, the fishermen did not realize a 
price premium for their higher quality raw material to offset their somewhat higher costs. 
Aside from finding customers, the farmer must produce the salmon at a cost low enough to 
make a profit. It is at this level that TQM can be especially useful because the quality 
improvement efforts can be expected to lower costs even if the farm does not get a price 
premium for a better quality fish. All the recommendations included here are low-cost or 
no-cost alternatives which have proven successful in a variety of other industries and no 
major investments or expenditures are required to get started. In fact, implementation of a 
quality management program may represent the best return on investment opportunity for 
many firms (A.V. Feigenbaum, quoted in Dale, Lascelles and Plunkett, 1990, p.8-9) and 
there is no reason why salmon farmers should not take advantage of this. 
Appendix A: Tables AI to A6. 
Table A.l Intrinsic Quality Cues. 
cues Notes 
Product form: 
Freshness: 
Appearance: 
Odour: 
Texture: 
Temperature: 
Age: 
Appearance: 
Egan and Gislason (1) found that most salmon is purchased as 
steaks and fillets as shown by the following frequencies of 
purchase: 
Fresh steaks 39% 
Fresh fillets 30% 
Frozen fillets 11% 
Fresh whole fish 7% 
Frozen steaks 6% 
Prepared entrees 5% 
Frozen whole fish 2% 
Freshness is consistently rated as a very important factor 
when buying fish (2). Freshness may be thought of as a 
composite of several other factors. 
Consumers look for no discoloration, vibrant colours and shiny 
skin, gistening moist flesh, bulging clear eyes and the gill 
colour (2). 
Consumers test for smell or absence of odours from fish or flesh 
and/or smell or abscence of odours from gills (2). 
Salmon consumers appear to find odour disagreeable more 
often than non-salmon seafood consumers (1). 
Consumers test for firmness (by pressing flesh). 
Consumers test for coldness of flesh (by touch) (2). 
Time of delivery (e.g., to store) is considered an important 
indicator of freshness (2). 
There is fair agreement that salmon has an attractive 
appearance (l). 
Besides the freshness related aspects, knowledgeable 
consumers look for an appetizing appearance, absence of 
defects, appropriate species colour of skin and flesh and even 
thickness of fillets and steaks (2). 
Bones: Consumers look for absence of bones in fillets and steaks (2). 
Salmon not seen as a particularly bony fish (l). 
Sources: (1) Egan and Gislason (1989), (2) Bisogni, Ryan and Regenstein (1987). 
Table A.2 Extrinsic Quality Cues. 
Cues Notes 
Price: 
Freshness: 
Appearance: 
Information, i.e.; 
Preparation instructions 
Usage instructions 
Labels 
Advertising 
Availability: 
Origin 
For retail purchases, salmon is not rated high on good value; 
price is perceived as too high compared the substitutes meat, 
poultry ant other seafood (3). 
For restaurant meal purchases, salmon and its substitutes are 
more closely ranked on value (3). 
Non-salmon seafood consumers appear more inclined than 
salmon consumers to rate price as too high (3). 
Most consumers appear willing to increase consumption if 
price is reduced (3). 
The characteristics of the retailer have a significant impact 
on consumers' perception of quality (5). Consumers tend to 
depend on a retailer they trust and look for high product 
turnover (5). Supermarkets have not in the past been 
perceived as a source of high quality seafood (6). 
Fresh salmon is purchased more often in supermarkets (62%) 
than in fish markets (23%). Restaurant meals (salmon) were 
consumed primarily in specialty fish restaurants (39%), other 
white table cloth (36%) and family restaurants (22%) (3). 
Consumers look for fish displayed on ice and for packages 
with no drip (5). 
Consumers want communication providing relevant 
information in clear language (4). This means "cleaner" 
labels to ease identification, reduced media and packaging 
clutter, and focus on the critical product characteristics (4). 
Labels are a good way to provide information on quality of 
fresh fish (2). Legible, informative labels may increase 
consumer confidence (l). Irrespective of source, the most 
important information would be guaranteed freshness, cooking 
information, use-by date and nutrition information (2,4). 
Avalability generally not perceived to be a problem, but year 
round availability would result in higher consumption 
increases for retail purchases than for restaurant meals (3). 
Origin not a concern (5). In the US, Canada and Alaska are 
most often thought of as suppliers of fresh salmon (3). The 
majority of consumers perceive no difference between farmed 
and wild salmon (3). 
Sources: (1)Reynolds (1991), (2) Hadlett and Raab (1990), (3) Egan and Gislason (1989), (4) 
McNutt (19881, (5) Bisogni, Ryan and Regenstein (1987), (6) Slavin (1987). 
Table A.3 Experience Quality Attributes. 
Attributes Notes 
Flavour: Flavour or taste is an important reason for eating seafood (2). 
Salmon is perceived as having a mild, delicate flavour (2). 
Flavour characteristics generally appear strongly linked to 
overall perceived quality of food products (5). 
Short term health,safety Consumers are concerned about food borne illnesses (4) . The 
and nutrition: effects of product failure are considered serious (1) and 
consumers require products to be safe (3). 
Preparation: Ease of preparation is an important reason for consuming 
salmon (2). Salmon is perceived as easy to prepare (2). 
Sources: (1) Reynolds (1991), (2) Egan and Gislason (1989), (3) McNutt (1988), (4) Slavin (1987), 
(5) Bonner and Nelson (1985). 
Table A.4 Credence Quality Attributes. 
Attributes Notes 
Long term health, safety A very important reason for eating seafood (2). Consumers 
and nutrition: almost unanimously agree that "fresh seafood is good for you" 
(4). Salmon is perceived as healthy and nutritious (2). 
Consumers like anything pure, natural, high in fiber and 
nutritious (l). They are concerned about additives, chemicals, 
anything not natural, unpronounceable ingradients, fat, 
cholesterol, hormones, sodium and caloric and nutrient 
contents (l). 
Reliability: Products must live up to their promises (3). There should be no 
unidimensional benefits, e.g.; low in calories, but high in salt 
(convenience dinners) or high in fiber, but also high in 
saturated fats (granola bars) (3). 
Sources: (1) Reynolds (1991), (2) Egan and Gislason (1989), (3) McNutt (1988), (4) Slavin (1987). 
Table A.5 Personal Factors. 
Factors Notes 
Prior knowledge: The majority of consumers do not consume salmon(3). Egan and 
Gislason found that only 43% consume salmon and 47% 
consume fish and other seafood, but not salmon (3). 
Consumers are not knowledgeable about preparing seafood (5) 
or about how to assess and/or maintain quality of fish (2,5). 
They also lack good recipes (5). 
Involvement: 
Demographics: 
Salmon consumers eat more seafood than others (3). Egan and 
Gislason found that 63% eat seafood more than once per 
month vs. 46% for non-salmon seafood consumers (3). 
l Slavin reported that 74% of seafood is consumed at home and 
seafood is used for 4 % of meals on average and for 12% of 
meals by those serving seafood more than once per week (5). 
Salmon consumers tend to have marginally higher incomes 
and be somewhat older than non-salmon seafood consumers 
(3). 
Perceived quality risk: Consumers are concerned about risk because they fear food 
borne illnesses (5) and see product failure as having serious 
effects ( l ) .  
Quality consciousness: Consumers are concerned about quality and want reassurance 
that seafood is fresh (5). Hadlett and Raab found that 67% 
of consumers would buy fish more often if they knew the fish 
was really fresh and that 46% of consumers are often 
dissappointed with the quality of fresh fish they buy (2). 
Sources: (1) Reynolds (1991), (2) Hadlett and Raab (1990), (3) Egan and Gislason (1989), 
(4) Bisogni, Ryan and Regenstein (19871, (5) Slavin (1987). 
Table A.6 Situational Factors. 
Factors Notes 
Occasion: Almost 90%of salmon is consumed as family meals (l). 
Entertainment or special occasions only account for 10% (l). 
Dietary requirements: Salmon is perceived as adding variety to the diet and as 
making a light meal (1). 
Preparation: The most frequently used cooking methods for salmon are (l): 
Broiled 37% 
Baked 27% 
Poached 10% 
Fried 9% 
Barbequed 9% 
Microwaved 5% 
Other 3% 
Others: In general, food products may satisfy a number of consumer 
needs such as sensory pleasure, novelty and stimulation (good 
cooking vs. gourmet dabbling). multiple-use products 
(versatility) and convenience (in terms of quick preparation 
and design facilitating purchasing, storage, serving and 
disposal) (2). 
Time ~ressure: The majority (67%) of salmon is purchased for consumption 
the same day (1). 16% is consumed the following day and 15% 
is frozen for later consumption ( l) .  
Sources: (1) Egan and Gislason (1989), (2) McNutt (1988). 
Appendix B: Table B1. 
Table B . l  Quantitative Measurements of Fish Freshness. 
Method Measurement Reliability Notes 
Sensory methods. l Evaluation of fish 
characteristics with 
Judgements by experts cla~~ification into 
or consumer panels on grading classes or 
sight, smell, touch and assignment of scores. 
taste. Scores assigned from 10 
(fresh) to 0 (putrid) for 
smell and taste; 5 to 0 
for sight and touch. 
Still best method to 
assess fish freshness and 
is usually the control 
when testing other 
measures. Experts can 
judge age to within 3-4 
days on ice based on 
appearance, while adding 
gill odour increases 
precision to 1-3 days on 
ice. 
Commercially applied 
methodologies: 
"Tony method for fresh 
fish (Connell, 1980). 
General Foods Sensory 
Profiling Technique for 
cooked fish (Collins, 
1990). 
Microbiological Total count of 
/bacteriological) tests,l microorganism, usually 
expressed as number of 
Typically laboratory organisms Per gram of 
tests requiring skilled tissue or Per cm2. 
personnel and specialized 
facilities. Fish with 106 bacteria 
per g usually considered 
in advanced stage of 
spoilage. log per g 
means inedible. 
(Fish flesh is inherently 
sterile while fish is 
alive, but is subject to 
invasion from skin, 
respiratory system and 
digestive tract.) 
Tests generally accurate, 
but interpretation is less 
clear as initial loads may 
vary from 103 to 107 
per cm2? not all bacteria 
are involved in the 
spoilage process and the 
proportion of spoilage 
organisms to total 
population of organisms 
may change over time. 
Bacteria count alone not 
a reliable indicator of 
fish freshness. Very 
useful as indicator of 
hygienic quality (i.e., 
food safety). 
Laboratory tests take 2-3 
days to complete, more 
if testing for pathogens 
which requires 
incubation in special 
media. 
Farmed salmon, when 
treated properly, has very 
low initial loadings. 
Experimental evidence 
suggests that it may take 
as long as 21 days on ice 
to reach 106 per g (from 
a loading of 102) 
(Blokhus, 1987). 
Test developed by Lerke Accurate count (but see Test takes 5 minutes, 
to scrape bacteria off the above) (Pedrosa- not in wide use (Pedrosa- 
surface of fish fillet with Menabrito and Menabrito and 
microscopic slide, stain Regenstein, 1990b). Regenstein, 1990b). 
and count the number of 
organisms per field 
(Pedrosa-Menabrito and 
Regenstein, 1990b). 
Chemical methods.] 
Destructive tests for 
presence of chemicals. 
U.S. Association of 
Analytical Chemists 
publishes list of 
accepted, reliable 
methods (Gorga and 
Ronsivalli, 1988). 
Determination of Not a reliable measure of 
trimethylamine (TMA) fish freshness. TMA 
expressed as amount of level significant only 
TMA Nitrogen per 100 after about 6 days on ice. 
mg fish flesh. Also wide variety of 
TMA in individual fish 
of same storage and 
temperature history. 
Not suitable for farmed 
salmon (Blokhus, 1987). 
TMA is related to 
bacterial activity. 
TMA proposed by the 
Codex Alimentarius 
Committee of 
FAOIWHO as the main 
objective measure of 
marine fish quality 
(Pedrosa-Menabrito and 
Regenstein, 1990b). 
Chemical methods, Determination of total Less reliable than TMA TVB is related to 
continued. volatile bases (TVB) as a measure of fish bacterial activity. TVB 
expressed as TVB freshness. TVB is even methods simpler than 
Nitrogen per 100 mg. more variable between TMA methods. 
fish in a batch than 
TMA. 
Not suitable for farmed 
salmon (Blokhus, 1987). 
Phvsical methods. l 
Nondestructive, rapid 
(often field) tests such 
as: refractive index, 
textural changes, 
electrical conductivity, 
optical tests, surface 
tension, viscosity, drip, 
internal friction. 
Generally not proven 
reliable with one notable 
exception (the Torry- 
meter). 
Determination of 
hypoxanthine (Hx) 
measured as percentage 
of Hx to total amount of 
adenosinetriphosphate 
(ATP) breakdown 
substances. 
The Tony-meter 
measures changes in the 
dielectric properties of 
fish skin. 
More reliable indicator 
of fish freshness than 
TMA or TVB, especially 
in the earliest stages 
since Hx is a product of 
enzymatic action 
beginning at the time of 
death. Hx reportedly 
more variable between 
species than TMA or 
TVB. 
Hx is chemical method 
of choice (Howgate, 
1982) and experimental 
evidence suggests Hx to 
be only suitable measure 
available for farmed 
salmon (Blokhus, 1987). 
Commercial use: 
A colorirnetric 
measurement of inosine 
(HxR) and Hx (based on 
red pigment of quinone) 
is used commercially in 
Japan where the 
measurement (expressed 
as a "K-value") is printed 
on labels for fresh fish 
(Uchiyama, 1988). 
K-value used to 
determine when fresh 
fish is no longer suitable 
for consumption in raw 
form (i.e., as sashimi or 
sushi)(Uchiyama, 1988). 
Extensively tested for 
several marine species of 
fish. Some variation 
between fish in a batch 
(wild fish). 
The measurement is 
conservative (i.e., 
freshness understated 
rather than overstated). 
Claimed to be useful 
over a range of freshness 
and species. 
Not suitable for farmed 
salmon (Blokhus, 1987). 
Commercially available 
as the "GR Tony- 
meter". The device is 
hand held, stores the 
results of many readings 
and can transfer data to a 
computer. 
A very rapid field test 
requiring no specialized 
skills. 
Other methods. Temperature history or 
storage temperature 
Time-temperature maintenance. 
indicators ('ITI) 
(Taoukis, Fu and Measured by a (self- 
Labuza, 199 1). contained) mechanical, 
chemical or enzymatic 
irreversible change after 
exposure to temperatures 
outside some 
predetermined abuse 
limit. 
n I ' s  made for use in the 
trade and for use on 
consumer packaging. 
There are 3 types: 
Type I: one time 
indicator of exposure 
above a reference 
temperature. 
Type 11: Cumulative 
exposure time above a 
reference temperature. 
Type 111: Full time- 
temperature history from 
the time of activation. 
All types independently 
tested and found reliable 
for their intended uses 
(to react to temperature 
shifts). Research to date 
insufficient to adequately 
link TTI response in 
general to food quality. 
Reliability best if 
specific TTI is 
benchmarked for the 
specific product. 
Likely to become more 
important as open dating 
(e.g., "best before") 
becomes more common. 
Most practical 
application may be for 
trouble shooting of 
distribution systems to 
eliminate abuse hazards. 
Commercially available: 
Type I: Monitor 
MarkTM, used by WHO 
to monitor refrigerated 
vaccines shipped to 
tropical regions. 
Type 11: I-pointB 'ITM. 
Type 111: LifeLinesTM 
Fresh-Scan. Indicator 
sold with laser scanner , 
can be used with UPC 
(bar) codes. 
Colour intensitv of fish Colorimetric measure of Red colour intensity The experimenters used a 
flesh. flesh colour (i.e., red linearly related to Minolta Chroma Meter 
colour intensity) of amount of carotenoids II.CR 100. 
(Blokhus, 1987). salmon with a (mg/kg) in raw, smoked 
commercially available and boiled farmed 
instrument. salmon. 
Colour of Atlantic Visual comparison of Colour assessment Developed and used in 
salmon flesh. flesh colour to a standard accuracy dependent on Norway. 
graded colour scale. skill of inspector and the 
(personal observation). colour stability (no 
fading) of the index 
cards. 
Shelf life prediction, An empirically derived Empirically determined Developed for the 
(by the U.S. National for certain species (e.g. Atlantic fisheries 
(Paquette, 1983). Marine Fisheries cod). If the time- (demersal species). 
Service) graphic tempreature history is Slide-rule available from 
representation of the known ,a step-wise NMFS . 
time-temperature- progression with the 
spoilage relationships slide-rule device will 
for fresh fish stored on yield a representative 
ice in the form of a estimate of the 
slide-rule like device. remaining shelf life. 
l~ources: Howgate (1982) unless otherwise indicated. 
Appendix C: The Effects of Small Changes. 
The Farmed Salmon Production Model. 
The salt water growout stage of the farmed salmon production cycle starts with the 
immersion of smolts, some of which may not adapt to seawater and consequently die 
within a short period of time. The surviving (i.e., acclimatized) smolts may be seen as 
forming two populations; early maturersl (Atlantics are called grilse, Pacifics are called 
jacks) and normal maturers (called salmon). The grilseljacks and salmon are subject to 
losses (mortalities or "morts") throughout the growout cycle and the survivors show 
definite weight variations for each respective age class. At the end of the growout cycle the 
stocks are harvested, processed and graded. The farmer typically is paid for a dressed fish 
(i.e., gutted, bled, head on and gills in for Atlantics, gills out for Pacifics) which is 
processed and graded by someone other than the farmer. This sequence can be portrayed 
by a network diagram as shown in Figure C. 1. 
The production model shows, for illustrative purposes, path frequencies derived from Egan 
and Wright's (1990) Example Atlantic (salmon) Farm Model2 (EAF) (see Table C.l for a 
summary of assumptions), but any farm should be able to construct its own model from 
current and past farm data. The farm modeled in Figure C. 1 essentially produces nine 
different end products; eight of which are revenue earners, and one (morts) which is not. 
Among the revenue earners, top grades fetch higher prices than downgrades, and higher 
weight classes bring in more per kilo than lower ones (e.g., see Table C.5). The numbers 
at the end of the stipled lines represent the expected values for each respective end node 
(i.e., the proportion of smolts reaching the end node). 
Monosex Chinook avoids the early maturation problem. 
The model was estimated to be accurate, at the time, to within +5% of a farm in the Campbell River area 
of B.C. (Egan and Wright, 1990, p.42). 
ISM : Immersed smolts SS : Surviving Salmon M : Mortalities TG : Top grade 
SSM : Surviving smolts G : Grilse 0-1 etc.: Weight classes DG : Downgrade 
S : Salmon SG : Surviving Grilse 
Table C . l  Example Atlantic (salmon) Farm Model Assumptions 
Variable Salmon Grilse 
Population type 75% 25% 
~ 6 r t a l i t ~  r a g  31% 28% 
Top grade 97% 2-3 kg 97% 
3-4.5kg 90% 
Downgrades 3% 2-3 kg 3% 
3-4.5 kg 10% 
Yield 92% 92% 
Processing loss 8% 8% 
Avg. total cost of production $7.25 $7.25 
Avg. weight of fish - round 4.71 kg 3.00 kg 
- dressed 4.33 kg 2.76 kg 
Prices see Table C.4 see Table C.4 
Source: Egan and Wright (1990) 
The Simulation. 
The model in Figure C. 1 suggests that the net result to the farmer is dependent on 
immersed smolt mortalities (not explicitly expressed in Egan and Wright's model), the 
population split between salmon and jackslgrilse, the mortalities throughout the grow-out 
cycle, the weight and grade distribution of the harvested fish (and the timing of the harvest) 
and the processing loss (e.g., from bleeding and gutting). It is the assumption of total 
quality management and this thesis that mangement practices can affect all of these 
variables, that sustainable improvements can be achieved through continous systematic 
improvements and that any improvement, no matter how small, is important. 
Small improvements are generally easier to make than larger ones, and many small changes 
may add up over time to significant effects both in terms of efficiency and profitability. To 
illustrate the effects of small improvements, a series of simulations were done for an 
Atlantic salmon farm based on the model in Figure C. 1 and other farm data from Egan and 
Wright's (1990) EAF model with one major exception; the EAF farm level production cost 
figure per kilo ($7.25 per kilo, see Table C.l) has been recomputed (see discussion below) 
based on a reallocation of total costs to the product categories morts, grilse and salmon. 
Specifically, the simulations tested the impact on net result (price less cost) of a: 
1% decrease in the grilse rate, 
1 % decrease in the mortality rates, 
1% increase in the average harvest weigths, 
1 % increase in top grades, 
1 % increase in prices per kilo, 
1% decrease in costs per kilo, and 
1 % increase in yield. 
The Effects of Small Changes. 
A summary of the simulation results are shown in Table C.2 below. (To illustrate the 
format of the simulaton, the specific results from a 1 % change in the grilse rate are shown 
in Table C S . )  The results in Table C.2 shows the value of each change as a one-time 
result, as equivalent production required to earn the same net, and as an equivalent 
investment required to earn the same net under the assumption that th echange is 
sustainable. 
A one percent change may noty seem like much at first, but under the right circumstances 
the effec t may be significant. Some changes may of course be more difficult to achieve 
than others, but on the other hand, the effects in Table C.2 are probably quite conservative. 
The real costs of grilse, for instance, are probably much higher than the simulation 
assumes, With zero grilse, there would be no need for handling, sorting, grading and 
harvesting of fish from all pens at a disadvantageous time (i.e., during the commercial 
fishing season and at a time of higher than optimal water temperatures for stressing the 
fish). These costs and negative side effects should properly be entirely attributed to grilse 
and not be averaged out over the entire fish population. 
Table C.2 The Effect of a 1% Change. 
Nominal Value as Value as Value as Value as Value as 
increase in equivalent equivalent equivalent equivalent equivalent 
Improvement netresult production investment investment investment investment 
$ (kg round, at at at at 
m3)l 5% 10% 15% 20% 
1% decrease in 
grilse rate 
... 
1 % decrease in 2,142 1,502 42,840 2 1,420 14,280 10,710 
mortality rate 100 
1 % increase in average 2,879 2,019 57,580 28,790 19,193 14,395 
harvest weight 135 
1 % increase in top grades 8,844 6,202 176,880 88,440 58,960 44,220 
414 
1 % increase in price 18,028 12,642 360,560 180,280 120,187 90,140 
843 
1 % decrease in cost 15,149 10,623 302,980 15 1,490 100,993 75,745 
709 
1 % increase in yield 3,483 2,442 69,660 34,830 23,220 17,415 
163 
1 gram increase in 20,669 13,335 4 13,380 206,690 137,793 103,345 
average yield per fish1 889 
Assumptions: These calculations are based on the Egan and Wright (1990) model farm; average dressed 
harvest weight 3.93kg, yield .92, price for this weight class (3-4.5 kg) $8.80, average production cost 
$7.25, stocking density of 15kg per m3 and total harvest 52,459 fish at 206,043 kg dressed. 
The Cycle-time Cost Allocation Approach. 
In order to make a meaningful distinction between the various product categories, it is 
necessary to consider both costs and prices. However, most production cost data is 
reported as a single per kilo amount based on either the total weight of round or dressed 
fish harvested. Any comparison of product categories will require an allocation of those 
costs which cannot be directly and naturally assigned to a product (e.g., overhead). In the 
manufacturing industries, it has long been evident that traditional cost accounting methods 
may produce entirely misleading product cost figures for decision making purposes (e.g. 
see Johnson and Kaplan, 1987). One solution found to work well for traditional 
manufacturers is the use of cycle time as the main basis for cost allocations (Schonberger, 
1990, p.5). Cycle time (alternatively flow time or lead time) considers costs as a function 
of resources consumed by the product which in turn is seen as a function of volume and 
time spent in the system. 
Cycle time would seem ideally suited to salmon farming because salmon spend, on 
average, longer time in the system than either jackslgrilse or morts. Thus one would think 
that the production costs for a harvested fish would vary with the length of time from 
immersion to harvest. On the other hand, time-in-the system by itself is not sufficient since 
the volume of fish in the various categories differ markedly. This suggests that cycle time 
be weighted by the volume occupied by the product category and that costs be allocated 
based on the proportion of the weighted cycle time for the product category to the total of 
the weighted cycle time for all product categories. This is shown in Table C.4 below. The 
total costs for the farm less post harvesting costs (i.e., processing and transportation) were 
then allocated to the three groups morts, grilse and salmon with the post harvesting costs 
subsequently allocated only to the gdse  and salmon categories as shown in Table C.3, 
The resultant costs per kilo for each of the three categories were then used in the 
simulations. 
Table C.3 Cost Allocations. 
Total costs1 ('000) (7.25*206043) = 1494 
Less: Processing & transportationl('OOO) 
Total farmgate costs ('000) 
Morts Salmon Grilse 
Farmgate (1 198*(245/4983)) (1 198*(3980/4983)) (1 198*(668/4983)) 
costs: ('000) 60 974 1 64 
Processing and (296*(184/224)) (296-243) 
transportation ('000) - 243 53 
Total ('000) 60 1217 217 
Per kg round (601/18083) 
3.32 
Per kg dressed (1217'/(183571*.92)) (217'/(40388*.92)) 
7.21 5.84 
Source: 1) Egan and Wright (1990) 
Table C.4 Weighted Cycle Time for Cost Allocation. 
Morts Morts Salmon Salmon Grilse Grilse 
Months Total Weighted Total Weighted Total Weighted 
in weight cycle weight cycle weight cycle 
system 1 Kg1 time Kg1 time l time 
28 1 
Source: 1) Egan and Wright (1990) 
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Appendix D Expert Advice on Proarams and Implementation. 
Table D.l What the Experts Say about Implementation. 
W. E. ~ e m i n ~ l  R. J. schonberger2 R. ~ u k u d a ~  K. 1shikawa4 
The 14 point program: 
1) Create constancy of 
purpose. 
2) Adopt the new 
philosophy. 
3) Cease dependence on 
inspection to achieve 
quality. 
4) End the practice of 
awarding business on 
the basis of price tag 
alone. 
5) Improve constantly 
and forever the system 
of production and 
service. 
6 )  Institute training on 
the job. 
Principles of world- 
class, customer driven 
performance: 
General: 
Get to know the next 
and final customer. 
Get to know the 
competition. 
Dedicate to continual, 
rapid improvement in 
quality, cost, response 
time and flexibility. 
Design and organization; 
Cut the number of 
components or 
operations and number 
of suppliers to a few god 
ones. 
Cut the number of flow 
paths (where the work 
goes next). 
Organize product- or 
customer-focused 
linkages of resources. 
18 steps to zero defects: Advice for management: 
1) Maintenance of work 
environment. 
2) Consistency in 
fundamentals. 
3) Inspection of 
equipment. 
4) Elimination of 
dangerous operations. 
5) Quality assurance in 
each process. 
6)  Complete personnel 
training and 
information exchange. 
TOD management: 
Study quality control and 
total quality control 
ahead of anyone else in 
your company, 
investigate how they are 
implemented in Japan, 
and have a good 
understanding o the 
issues involved. 
Establish policies 
defining the positions 
the company will take in 
regard to total quality 
control. 
Assemble information 
regarding quality and QC 
and specify, in concrete 
terms, the priority 
policies in regard to 
quality. 
Establish "priority of 
quality" and "quality 
first" as the basic policy, 
and determine long-term 
goals for quality 
standards (in concrete 
terms and with an 
international 
perspective). 
Assume leadership in 
quality and QC; always 
be a vanguard promoting 
them. 
To implement QC, 
provide adequate 
education and combine it 
with long-range plans 
such as personnel 
placement and 
organization plans. 
7) Institute leadership. 
8) Drive out fear. 
9) Break down barriers 
between departments. 
10) Eliminate slogans, 
exhortations and 
targets for the work 
force. 
l la) Eliminate work 
standards and quotas; 
substitute leadership. 
1 lb) Eliminate 
management by 
objective; substitute 
leadership. 
12a) Remove barriers 
that rob hourly 
workers of their right 
to pride of ownership. 
Operations: 
Cut flow time, distance, 
inventory, and space 
along the chain of 
customers. 
Cut setup, changeover, 
get-ready and start-up 
time. 
Operate at the customer's 
rate of use (or a 
smoothed representation 
of it). 
Human resource 
development; 
Develop human 
resources through cross- 
training (for mastery, 
continual education, job 
switching, and multi 
year cross-career 
reassignments. 
Develop operatorlteam- 
owners of products, 
processes, and outcomes. 
Oualitv and ~roblem 
solving 
Make it easier to produce 
or provide the product 
without error. 
Record and retain 
quality, process, 
problem data at the work 
place. 
7) Paper tests for 
workers. 
Check to see if quality 
and QC are conducted as 
planned, and take action. 
8) Operations standards. 
9) Immediate detection 
and complete 
elimination of 
equipment failures. 
10) Emphasis on 
systematic preventive 
maintenance. 
1 1) Leaders of worker 
groups active as front 
line managers. 
12) Respect for 
creativity of the line 
people (foremen, 
group leaders, 
workers). 
13) Day-to-day 
management with 
participation of all 
persons concerned, 
Make clear the 
responsibility of top 
management over quality 
assurance; equip your 
company with a solid 
system of quality 
assurance. 
Establish your own 
system of cross-function 
management. 
Drive home the notion 
that the next process is 
your customer, 
providing assurance of 
each successive process. 
Top management must 
assume leadership in 
bringing about a 
breakthrough. 
Middle management: 
Strive to be a person 
who does not have to be 
always present at the 
company, but become a 
person who is 
indispensable to the 
company. 
One who cannot manage 
his subordinates is not 
half as good as he is 
supposed to be. When 
he is able to mange his 
superiors, then he can be 
called an accomplished 
person. 
12b) Remove barriers 
that rob management 
of their right to pride 
of ownership. 
13) Institute a vigorous 
program of education 
and self-improvement. 
14) Put everybody in the 
company to work to 
accomplish the 
transformation. 
Assure that line people 
get first crack at 
problem-solving - before 
staff experts. 
Accounting and control; 
Cut transactions and 
reporting; control causes 
not costs. 
Capacitv: 
Maintain and improve 
present resources and 
human work before 
thinking about new 
equipment and 
automation. 
Automate incrementally 
when process variability 
cannot otherwise be 
reduced. 
Seek to have plural 
instead of singular 
workstations, machines, 
and cells or flow lines 
for each product or 
customer family. 
Marketing: 
Market and sell your 
firm's capability and 
competence. 
14) Use of interchange 
training to broaden 
skill development. 
15) Continual steady 
improvement. 
16) Utilize an idea 
system for steady 
improvement. 
17) Perfect quality 
production achieved 
through the 
enthusiasm of &,and 
maintained in a relaxed 
atmosphere. 
18) Definition of perfect 
quality production and 
recognition, by all, of 
the achieved results. 
If you delegate authority 
freely, your subordinates 
will use their abilities to 
the fullest extent and 
grow in their jobs. 
Don't always look to the 
top when working. 
Middle managers and 
those below are 
responsible for getting 
the right handle on the 
facts concerning the 
work place. 
Ask "Who hinders a 
company's 
breakthrough?' 
It is the responsibility of 
middle management to 
make QC circle 
activities wort. 
Communicate with other 
divisions (cross-function 
management). 
The key to success is to 
look into the future. 
The president must look 
ten years into the future, 
the director five years, 
the division three years, 
and the section chief 
must look at least one 
year in to the future. 
Sources: 1) Deming (1986, pp.23-24); 2)Schonberger (1990, p.296); 3) Fukuda (1983, p.72); 4) Ishikawa 
(1985, pp.125-136). 
Table D.2 continued. 
J.M ~ u r a n ~  A. V. ~eigenbaum~ P. crosby7 S. shingo8 
The program: 
Secure the active 
participation of those 
who will be affected, 
during both the planning 
and the execution of the 
change. 
Strip off all technical 
and cultural baggage not 
strictly needed for 
introducing the change. 
Reduce the impact of the 
changes by weaving 
them into an existing 
broader pattern of 
behaviour, or by letting 
them ride in on the back 
of some acceptable 
change. 
Put yourself in the other 
fellow's place. 
Make use of the wide 
variety of methods 
available for dealing 
with resistance to 
change: 
a) Persuasion; 
b) Change of 
environment in a way 
which makes it easy for 
the individual to change 
his point of view; 
c) Remedy of cause of 
the resistance; 
The quality system: , The 14 point program: Procedure for 
establishing a production 
method: 
Controls quality on an 1) Management Value engineering 
integrated, organization commitment. (functions, structure, 
wide basis. shape, or material 
properties). 
Provides for primary 2) Quality improvement Value analysis. 
quality decision-making teams. 
ties with upper 
management. 
Fosters a sufficient 3) Quality measurement. Process improvements: 
budgetary base and 
technical competence. Process/processing: how 
will it be manufactured; 
what sort of processing, 
what combination of 
processing sequences 
will be used? 
Establishes quality 4) Cost of quality Inspection: what quality 
control as a set of evaluation. is required? Combine 
disciplines to be applied source inspections and 
systematically poka-yoke (fail-proofing) 
throughout the business. in the process. 
Builds in quality 5) Quality awareness. Transportation: what 
control's coupling with layout will be used? 
customers on a positive Reduce transport to zero; 
feed forward basis. use a process sequence 
based layout. 
Structures and reports 6 )  Corrective action. Delays: think of a non- 
quality costs. stock method; use small 
lot processing and 
balanced loads and 
capacities (levelling). 
Makes quality 7) Ad-hoc committee for Process delays: use a 
motivation a continuous zero defects program. synchronization method; 
process of quality goals, use a full-work control 
quality measurement, method. 
and quality attitudes. 
Structures a unique 8) Supervisor training. Lot delay: use one-piece 
technological flow method; improve 
contribution to the plant the layout. 
and company. 
d) Create a social climate Provides for 9) Zero defects day. Operation 
which favours the new continuously measuring improvements; 
habits; and monitoring actual 
customer quality Operations: think of the 
satisfaction. operation methods that 
will realize the process 
functions. 
e) Provide sufficient Provides good product 10) Goal setting. Processing operations: 
time for mental changes service rapidly and determine the proper 
to take place; economically. operation conditions and 
methods for deformation, 
transformation, 
assembly and 
disassembly; what 
machines, tools, jigs 
etc. will be used? 
f) Start small and keep it Integrates product-safety 11) Error-cause removal. Inspection operation: 
fluid; and product-liability- determine what causes to 
control considerations. check and what methods 
(sensors) to use; what 
poka-yoke method to 
use; the method for 
implementing immediate 
action and for combining 
it with processing. 
g) No surprises. 
Treat the people with 
dignity. 
Adds major, company- 12) Recognition. 
wide work scope to the 
quality function. 
Transport operations: 
determine the method for 
linking processes and 
what transportation 
means to use (method 
for direct linkage). 
14) Do it over. 
13) Quality councils. Delay operations: think 
of ways for coordinating 
loads and capacities; 
synchronization 
methods; enhance 
equipment lineup )even 
at the expense of a 
reduced operating ratio); 
manufacture the 
machines in-house (at a 
tenth of the cost of 
buying them); linkage 
and transportation 
methods for achieving 
one-piece flow. 
Sources: 5) Juran and Gryna (1980, pp.637-639; 6) Feigenbaum (1983, pp.107-108); 7) Crosby (1979, 
pp. 112- 119); 8) Shingo (1988, pp.428-429). 
Table D.2 10 Common Reasons why Improvement Programs Fail. 
1. Taking a piecemeal approach rather than extending the program across 
the entire organization. 
2. Limiting quality efforts to production, excluding other areas like 
accounting, personnel and purchasing. 
3. Doing "business as usual", i.e., announcing a quality program but 
failing to follow up on the commitment and remaining focused 
on cost reductions and production volumes. 
4. Omitting structural changes in compensation (reward) and accounting 
systems resulting in behaviour that is contradictory to the quality 
effort. 
5 .  Adopting a "technique" focus. (Quality improvement is not so much 
about introducing new techniques as it is about changing 
attitudes and assumptions.) 
6. Engaging in hoopla without substance. "Hoopla" is fine, provided 
there is "meat" behind it. 
7. Failing to involve customers and suppliers who should be a natural 
part of the process. 
8. Putting too little emphasis on training which should be done as early 
as possible. 
9. Setting sights too low. 
10. Poor communication. Communication should not be an afterthought; 
good communication is necessary to make the program 
understood and accepted by all. 
Source: J. Grayson, quoted in Sheridan (1990) 
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